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“ I>iit with regard to tlic ujatcrial world, we can at least go so far as this 
— we can perceive that events arc brought about not by insulated interpo- 
sitions of Divine power, exerted in each particular case, but by the estab- 
lishment of general laws,” 

Wiiewell; Brlljcwcdcr Treatise. 



” Tlic only distinct mcaning'of the word ‘natural’ is slaUd^ fixed ^ ot 
ietlled ; since what is natural as much requires and presupposes an intelli- 
gent agent to render it so, i. e., to effect it continually or at stated times, 
as what is suj)crnatural or miraculous docs to cficct it for once.” 

Dctler : Analogy of Jlcvcdcd ReUyion. 



“To conclude, therefore, let no man out of a weak conceit of sobriety, 
or an ill-applied moderation, think or maintain, that a man can search too 
far or be too well studied in the book of God's w’ord, or in the book of 
God’s works ; divinity or philosophy ; but ratlicr let men endeavor an end- 
less progress or proficicncc in both.” 
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An Hi 3T0RICAL Sketch of the Eecent Peoouess of 
Orixiox ox THE Orioix of Species. 



I WILL here give a brief skeleh of the progress of opinion on the Origin 
of Species. Until rcecntly, the great majority of naturalists believed that 
species were immutable productions^ and had been separately ereated. This 
view has been ably maintained by many authors. Some few naturalists, on 
the other hand, have believed that species undergo miodification, and that 
the existing forms of life arc the descendants by true generation of pre- 
existing forms. Passing over allusions to the subject in the classical 
writers,* the first author who in modern times has treated it in a scientific 
spirit was ButTon. But, as his opinions fluctuated greatly at diftcrent 
periods, and as he docs not enter on the causes or means of the transforma- 
tion of species, I need not here enter on details, 

Lamarck was the first man whose conclusions on the subject excited 
much attention. This justly-celebrated naturalist first published his views 
in 1801 ; he much enlarged them in 1809 in his “Philosophie Zoologique,” 
and subsequently, in 1815, in the introduction to his “Hist. Xat. dcs Ani- 
maux sans Vertebres.” In these works he upholds the doctrine that all 
species, including man, arc descended from other species. He first did the 
eminent service of arousing attention to the probability of all change in the 
organic as well as in the inorganic world being the result of law, and not of 
miraculous interposition. Lamarck seems to have been chiefly led to his 

* Aristotle, tn liis “ Physicfc Ausciiltalioncs ” Oib. 2, cap. 8, s. 2), after remarking; 
that rain does not fall in order to make the com grow, any more than it falls to spoil 
the farmer's com when threshed out of doors, applies the same argument to orgjini- 
zatiou, and adds (as translated by Mr. Clair Grecc, who first pointed out the passage 
to me): “^So, what hinders the different parts [of the body] from having this merely 
accidental relation in Xatiire? as the teeth,for example, grow by necessity, the front 
ones sharp, adapted for dividing, and the grinders flat, and serviceable for masticat- 
ing the food ; since they were not made for the sake of this, but it was the result of 
accident. And in like manner as to the other parts in which there appears to exist 
an adaptation to an end. Wheresoever, therefore, all things together (that is, all tho 
parts of one whole) happened like as if they were made for the sake of soinclliing, 
these were preserved, having been appropriately constituted by an internal spon- 
taneity; and whatsoever things were not thus constituted perished, and still perish.” 
Wo hero sec the principle of natural acicclion shadowed forth; but how litlle 
Aristotle fully comprehended the principle is shown byliis remarks on the formation 
of tho tccih. 
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conclusion on the gradual change of speeies by the diHicuUy of distinguish- 
ing species and varieties, by tlie almost perfeet gradation of forms in certain 
groups, and by the analogy of domestie produetions. ^Vitll respect to the 
means of modification, he attributed something to the direct action of the 
physical conditions of life, something to the crossing of already existing 
forms, and mueh to use and disuse — that is, to the effects of habit. To this 
latter agency he seems to attribute all the beautiful adaptations in Nature — 
such as the long neck of the giraffe for browsing on the branehes of trees. 
But he like\vise believed in a law of progressive development ; and, as all 
the forms of life thus tend to progress, in order to aeeount for the existence 
at the present day of simple productions, he maintains that such forms arc 
now spontaneously generated.* 

Geoffroy Saint-IIilairc, as is stated in his “ Life,” written by his son, sus- 
pected, as early as 1705, that what we call species arc various degenerations 
of the same type. It was not until 1828 that he published his conviction 
that the same forms have not been perpetuated since the origin of all things. 
Geoffroy seems to have relied chiefly on the conditions of life, or the *^^monde 
as the cause of change. He was cautions in drawing conclusions, 
and did not believe that existing species arc now undergoing modification ; 
and, as his son adds, “C’cst done un probleme h reserver entierement h 
Tavenir, suppose meme que Tavenir doivc avoir prise sur lui.” 

In 1813 Dr. W. C. Wells read before the Royal Society “An Account 
of a White Female, Fart of whose Skin resembles that of a Xegi-o;” but 
his paper was not published until his fiimous “ Two Essays upon Dew and 
Single Vision ” appeared, in 1818. In this paper he distinctly recognizes 
the principle of natural selection, and this is the first recognition which has 
been indicated ; but he applies it only to the races of man, and to certain 
characters alone. After remarking that negroes and mulatloes enjoy an im- 
muuity from certain tropical diseases, he obseiwcs, firstly, that all animals 

* I have taken the date of the first publication of Lamarck from Isld. Geoffroy 
Sainl'IIilaire’9 (^‘llist. Nat. Geueralc,” tom. il., p. 405, 1859) excellent history of 
opinion on this subject. In this work a full nccoimt is ;^ivon of Bufibn's conclusions 
on the same subject. It is curious bow largely my grandfather, Dr. Erasmus Bar. 
win, anticipated the views and erroneous grounds of opinion of Lamarck in his 
“Zoonomia ” (vol. i., pp. 500-510), published in 1791. According to Isid. Geoffroy, 
there is no doubt that Goethe was an extreme partisan of similar views, as shown 
in the introduction to a work written in 1794 and 1795, but not published till long 
afterword: he has pointedly remarked (“Goethe als Natnrforsclicr,” von Dr. Karl 
Ceding, s. 3t) that the future question for naturalists will be how, for Instance, cattle 
got their horns, and not for what they arc used. It Is ratlicr a singular instance of 
the manner in which similar views arise at about the same time, that Goethe in Ger- 
many, Dr. Darwin in England, and Geoffroy Saiiit-Ililairc (as we shall immediately 
sec) in France, came to the same conclusion on the origin of species, in the years 
1794-’95. 
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tend to vary iu some degree, and, secondly, tliat agriculturists improve their 
domesticated animals by selection; and then, he adds, but what is done in 
this latter ease “ by art seems to be done with equal cllicacy, though more 
slowl}’, by Nature, in the formation of varieties of mankind, fitted for the 
country which they inhabit. Of the accidental varieties of man, Avhich 
would occur among the first few and scattered inhabitants of the middle 
regions of Africa, some one would be better fitted than the others to bear 
the diseases of the country. This race would consequently multiply, while 
the others would dccrca.^c— not only from their inability to sustain the at- 
tacks of disease, but from their incapacity of contending with their more 
vigorous neighbors. The color of this vigorous race, 1 take for granted, 
from what has been already said, would be dark. But, the same disposition 
to form varieties still existing, a darker and a darker race would in the 
course of lime occur; and, as the darkest would be the best fitted for the 
climate, this would at length become the most prevalent, if not the only, 
race in the particular country in which it had originated.” He then extends 
thc.‘5c same views to the white inhabitants of colder climates. 1 am in- 
debted to Mr. Rowley, of the United States, for having called my attention, 
through Mr. Brace, to the above passage in Dr. Wells’s work. 

The Hon. and Rev. W. Herbert, afterward Dean of Manchester, in the 
fourth volume of the “Horticultural Tramsactions,” 1822, and in his work on 
the “ Amaryllidaeca3 ” (1887, ])p. 19, 839), declares that “ horticultural exper- 
iments have established, beyond the possibility of refutation, that botanical 
species arc only a higher and more permanent class of varieties,” He ex- 
tends the same view' to animals. The dean believes that single species of 
each genus were created iu an originally highly plastic condition, and that 
these have produced, chiefly by intercTOSsing, but likewise by variation, all 
our existing species. 

In 1820 Professor Grant, in the concluding paragra])h in his well-known 
paper {Edinhurr/h Ehilosojdiical Journal^ vol. xiv., p, 288) on the Spongilla, 
clearly declares his belief that species arc descended from other species, and 
that they become improved in the course of modification. This same view’ 
was given in his 55th Lecture, published in the Lancet in 1831. 

In 1831 ^Ir. Patrick Matthew published his w’ork on “Naval Timber and 
Arboriculture,” iu which he gives precisely the same view on the origin of 
species as that (presently to be alluded to) propounded by Mr. Wallace and 
myself in the Lmnean Journal^ and as that enlarged in the present volume. 
Unfortunately, the view’ was given by ^Ir. Matthew’ very briefly in scattered 
passages in an Appendix to a work on adiflerent subject, so that it rciuaincd 
unnoticed until Mr. Matthew' himself drew attention to it in the Gard(ncr\^ 
Chronicle^ on April 7, 1800. The diflercnccs of Mr. Matthew’s view from 
mine arc not of much importance ; he seems to consider that the world was 
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nearly depopulated at successive periods, and then restocked ; and he gives, 
as an alternative, that new forms may be generated “without the presence 
of any mould or germ of former aggregates.” I am not sure that I under- 
stand some passages ; but it seems that he attributes much influence to the 
direct action of the conditions of life, lie clearly saw, however, the full 
force of the principle of natural selection. 

The' celebrated geologist and naturalist, Yon I>uch, in his excellent “Dc* 
.scription riiysifpic dcs lies Canaries” (1836, p. HY), clearly expresses his 
belief that varieties slowly become changed into permanent species, which 
arc no longer capable of intercrossing. 

llafincsquc, in his “Xcw Flora of Xorth America,” published in 1836, 
wrote (p. 6) as follows: “All species might have been varieties once, and 
many varieties arc gradually becoming species by assuming constant and pe- 
culiar characters : ” but further on (p. 18) he adds, “ except the original 
types or ancestors of the genus.” 

In 1813-41: Prof. Ilaldcraan {Boston Journal of Nat. Illst.^ U. States, vol. 
iv., p. 468) has ably given the arguments for and against the hypothesis of 
the development and modification of species ; he seems to lean toward the 
side of change. 

The “Vestiges of Creation” appeared in 1811. In the tenth and much 
improved edition (1853) the anonymous author says (p. 155): “The propo- 
sition determined on after much consideration is, that the several scries of 
animated beings, from the simplest and oldest up to the highest and most 
recent, arc, under the providence of God, the results, firsts of an impulse 
which has been imparted to the forms of life, advancing them, in definite 
times, by generation, through grades of organization terminating in the high- 
est dicotyledons and vertebrata, these grades being few in number, and gen- 
erally marked by intervals of organic character, which we find to be a prac- 
tical difliculty in ascertaining aflinitics ; second^ of another impulse connected 
with the vital forces, tending, in the course of generations, to modify organic 
structures in accordance with external circumstances, as food, the nature of 
the habitat, and the meteoric agencies, these being the ‘ adaptations ’ of the 
natural theologian.” The author apparently believes that organization pro- 
gresses by sudden leaps, but that the cflects produced by the conditions of 
life arc gradual. lie argues M'ith much force on general grounds that species 
are not immutable productions. But I cannot see how the two supposed 
“impulses” account in a scientific sense for the numerous and beautiful co- 
adaptations which we sec througliout Nature ; I cannot see that we thus gain 
any insight liow, for instance, a woodpecker has become adapted to its pecu- 
liar habits of life. ‘ The work, from its powerful and brilliant style, though 
displaying in the earlier editions little accurate knowledge and a gi'cat Avant 
of scientific caution, immcdi.itcly had a very Avidc circulation. In my opin- 
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ion it has done excellent service in this country in calling attention to tho 
subject, in removing prejudice, and in thus preparing the ground for the re- 
ception of analogous views. 

In ISIG the veteran geologist, M. J. d’Omalius dTIalloy, published in an 
excellent, though short paper {Bulletins de VAvad. Boy. Bruxelles^ tom. 
xiii., p. 581), his opinion that it is more probable that new species have been 
produced by descent with modification, than that they have been separately 
created. The author first promulgated this opinion in 1831. 

Prof. Owen, in 1810 (“Nature of Limbs,” jn 86), wrote as follows; 
“ The archetypal idea v.as manifested in the llcsli under divers such modifi- 
cations, upon this planet, long prior to the existence of those animal species 
that actually exemplify it. To what natural laws or secondary causes the or- 
derly succession and progression of such organic phenomena may have been 
committed, we, as yet, are ignorant.” In his Address to the British Asso- 
ciation, in 1858, he speaks (p. li.) of “ the axiom of the continuous operation 
of creative pow'crj or of the ordained becoming of living things.” Eurthcr on 
(p. xc.), after referring to geographical distribution, he adds : “ These phe- 
nomena shake our confidence in the conclusion that the Apteryx of New 
Zealand and the Bed Crouse of England were distinct creations, in and for 
those islands respectively. Always, also, it may be well to bear in mind 
that by the word ‘creation’ the zoologist means ‘a process he knows not 
what.’ ” He amplifies this idea by adding that, when such eases as that of 
the Bed Grouse arc “ enumerated by the zoologist as evidence of distinct 
creation of the bird in and for such islands, he chiefly expresses that he 
knows not how the Bed Grouse came to be there, and there exclusively, sig- 
nifying also, by this mode of expressing such ignorance, his belief that both 
the bird and* the islands owed their origin to a great first Creative Cause.” 
If we interpret these scntcuccs given in the same Address, one by the other, 
it appears that this eminent philosopher felt, in 1858, his confidence shaken 
that the Apteryx and the Bed Grouse first appeared in their respective 
homes, “ be knew not how,” or by some process, “ he knew not what.” 

Tliis Address was delivered after the papers, by ^Ir. Wallace and myself, 
on the Origin ofF-'pccic.s, i)rcscntly to be referred to, bad been read before 
the Liuncan Focicty. hen the first edition of this work was published, I 
was so eompictely deceived,- as were many others, by such expressions 
as “the continuous operation of creative power,” that I included Brof. 
Owen with other paleontologists, as being firmly convinced of the immuta- 
bility of species ; but it appears (“Anat. of Vertebrates,” vol. iii., ]). VOG) that 
tills was on my jiart a preposterous error. In the last edition of this work I 
inferred — nnfl the inference still seems to bo jierfcctly just — from a passage 
beginning with the words “ no doubt the tyjic-form,” etc. (ibid., vol. i., p. 
XXXV.), that Prof. Owen admitted that natural selection may have douo 
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eomcthing in tlic foriuation of ncwepccics; but tliis, it appears (ibid., vol. 
ii., ]». 798), is inaccurate and witbout evidence. I also gave some extracts 
from a correspondenee between Trof. Owen and the editor of the 
don Jicvicu\ from wliich it appeared manifest to the editor as well as to 
myself, that Prof. Owen claimed to have promulgated the theory of nat- 
ural selection before I Lad done so; and I expressed my surprise and satis- 
faction at this annonncciucnt ; but, as far as it is possible to understand cer- 
tain recently-published passages (ibid., vol. iii., p. 798), I have, cither par- 
tially or wholly, again fallen into error. It is consolatory to me that others 
find Prof. Owen’s controversial w’ritings as ditficult to understand, and 
to reconcile with each other, as I do. As far as the mere enunciation of 
the principle of natural selection is concerned, it is cpiitc immaterial whether 
or not Prof. Owen preceded me, for both of us, as shown in this historical 
sketch, were long ago preceded by I)r. "Wells and Mr. Matthew. 

^r. Isidore Gcofiroy Raint-IIiluire, in his Lectures delivered in 1850 (of 
which a rhumc appeared in iha Jlcvuc ct2[ag. de Zooloj.^ January, 1851), 
briefly gives his reason for believing that specific characters “ sont fixes, 
pour chaque cspece, taut qu'cllc sc perpetue an milieu dcs memes circon- 
stanccs: ils sc modificnt, si Ics circonstanccs ambiantes vicnncntil changer.” 
“En rdisiime, Vobscrvaiion dcs animanx sauvages demontre deji\ la variabilite 
Umittc dcs cspoccs. Lcs cxphknccs sur Ics animaux sauvages devenns do- 
mestiques, ct sur lcs animaux domestiques rcdcvcuus sauvages, la demon- 
trent plus clairement encore. Ccs memes experiences prouvent, dcplus, que 
lcs diirercnccs produites peuvent ulrc dc vakur gcncriquc.'‘'* In his “ Hist. 
Xat. Gonerale” (tom. ii., p. dSO, 1859) he amplifies analogous conclusions. 

From a circular lately issued it appears that Or. Freke, in 1851 {Dublin 
2fcdical Press^ p. 322), propounded the doctrine that all organic beings have 
descended from one primordial form. His grounds of belief and treatment 
of the subject arc wholly diflerent from mine; but, as Dr. Freke has now 
(1801) published his Essay on the “Origin of Species by means of Organic 
Affinity,” the difficult attempt to give any idea of his views would be super- 
fluous on my part. 

31 r. Herbert Fpcnccr, in an Essay (originally publi.^hcd in the Leader^ 
31arch, 1852, and republished in his “ Essays ” in 1858), has contrasted the 
theories of the Creation and the Development of organic beings with re- 
markable skill and force. He argues from the analogy of domestic pro- 
ductions, from the changes 'which the embryos of many species undeigo, 
from the difllculty of distinguishing species and varieties, and from the prin- 
ciple of general gradation, that species have been modified ; and he attributes 
the modification to the change of circumstances. The author (1855) has 
also treated rsychologyon the iwinciple of the u' ecssary acquirement of each 
mental power and capacity by gradation. 
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111 1852 M. Xaiuliu, a distinguished botanist, expressly stated, in an ad- 
mirable paper on the Origin of Speeies {Revue J/orticoIc^ p, 102; sii.ee 
partly republished in the “Nonvelles Archives du iluseuin,” tom. i., p. 
171), his belief that speeies are formed in an analogous manner as varie- 
ties are under cultivation ; and the latter process he attributes to man’s 
power of selection. Hut he does not show how scleetion acts under Nature. 
He believes, like Dean Herbert, that speeies, when nascent, were more 
plastic than at present. He lays weight on what he calls the principle of 
linality, “puissance mystericuse, indeterminec ; fatalitc pour Ics nns ; pour 
les autres, volontc providcnlielle, dont Taction inccssante sur Ics etres vi- 
vants determine, ?\ toutes les epoques dc Tcxistencc du inonde, la forme, Ic 
volume, ct la diirec de chacun d’eux, cn raison de sa destinee dans Tordre 
de ehoscs dont il fait partie. C’cst cette puissance qui harmonise chaque 
incmbre Tcnscmblc en Tappropriant i\ la fonetion qu’il doit remplir dans 
Torganisme general dc la nature, fonetion qui cst pour lui sa raison 
d’etre”* 

In 1853 a celebrated geologist. Count Keyscrling {RnUethi dc la So>\ 
Gcolog.^ 2d Scr., tom. x., p. 357), suggested that as new diseases, supposed 
to have been caused by some miasma, have arisen and spread over the 
world, so at certain periods the germs of existing species may have been 
chemically aflectcd by circumambient molecules of a particular nature, and 
thus have given rise to new forms. 

In this same year, 1853, Dr. Schaamiauscn published an excellent pam- 
phlet (“ Verhand. dcs Naturhist. Vcrcins dcr Treuss. lihcinlands,” etc.), in 
which he maintains the progressive development of organic forms on the 
earth. He infers that many species have kept true for long periods, 
whereas a few become modified. The distinction of species he explains 
by the destruction of intermediate graduated forms. “Thus living plants 
and animals arc not separated from the extinct by new creations, but are to 
be regarded as their descendants through continued reproduction.” 

A well-known French botanist, M. Lccoq, writes in 1854 (“ Etudes sur 

♦From references in BroniTs “ Untcrsnclmngen iiber die Eiitwickdnngs-Oe- 
petze " it appears tluit the celebrated botanist ami paleontologist Unger piiblhlicd in 
1S52 his belief that ppccies undergo development and moditlcntion. D’Alton, like- 
wise, in Fancier and Dalton's work on Fossil Sloths, expressed, in 1821, a siinil ir 
belief. Similar views have, as is well known, been mnintainud by Oken in bis mys- 
tical “ N.itur-rhlloso])hic.” From other references in CJodron’s work “Sur ri‘>- 
p^cc,” it seems tliat Bory St Vincent, Burdach, Foiret, and Fries, have all admitted 
that new species arc continually being produced. 

I may add that, of the thirty-four authors named in this ilistorieal Sketch, who 
believe in the modification of species, or at least disbelieve in separate acts of 
creation, twenty-seven have written on special branches of natural history of 
geology. 
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Ceograph. IJot.,” tom. i., p. 250), “ Ou voit quo nos rcchcrchcs sur la Imlc 
on la variation clc I’cspocc, nous conduiscnt dircctcmcnt aux idccs 6miscs 
par deux horuracs justement celebrcs, GcofTroy Saint-llilairc ct Goethe.” 
Some other passages, scattered through ^l. Leeoq’s largo work, make it a 
little doubtful how far he extends his views on the modification of species. 

The “ riiilosophy of Creation” has been treated in a masterly manner 
by the Kov. Ihiden rowcll, in his “Essays on the Unity of Worlds,” 1855. 
Nothing can be more striking than the manner in which he shows that the 
introduction of a new species is “a regular, not a casual phenomenon,” or, 
as Sir John Ilcrschel expresses it, “ a natural in contradistinction to a mi- 
raculous process.” 

The third volume of the Journal of the JAnnean Society contains 
papers, read July 1, 1858, by 3Ir. Wallace and myself, in which, as stated in 
the introductory remarks to this volume, the theory of Natural Selection is 
promulgated by Mr. Wallace with admirable force and clearness. 

A"on Baer, toward whom all zoologists feel so profound a respect, ex- 
pressed, about the year 1859 (see Prof. Rudolph Wagner, “ Zoologisch-An- 
thropologischc Untcrsuchungcn,” 1861, s. 51), his conviction, chiefly grounded 
on the laws of geographical distribution, that forms now perfectly distinct 
have descended from a single parent-form. 

In June, 1859, Prof. Huxley gave a lecture before the Royal Institution 
on the “ Persistent T}q)es of Animal Life.” Referring to such eases, he re- 
marks : “It is dilTicult to comprehend the meaning of such facts as these, if 
we suppose that each species of animal and plant, or each great type of or- 
ganization, was formed and placed upon the surface of the globe at long 
intervals by a distinct act of creative power ; and it is well to recollect that 
such an assumption is as unsupported by tradition or revelation, as it is op- 
posed to the general analogy of Nature. If, on the other hand, we view 
‘ Persistent Types ’ in relation to that hypothesis which supposes the species 
living at any time to be the result of the gradual modification of pre- 
existing species — a hypothesis w'hich, though unproven, and sadly damaged 
by some of its supporters, is yet the only one to which i)hysiology lends any 
countcuancc; their existence would seem to show that the amount of modi- 
fication which living beings have undergone during geological time is bat 
very small in relation to the whole series of changes which they have suf- 
fered.” 

In December, 1859, Dr. Hooker published his “Introduction to the Aus- 
tralian Flora.” In the first part of this great work he admits the truth of 
the descent and modification of species, and supports this doctrine by many 
original observations. 

The first edition of this work was published on November 21, 1859, and 
the second edition on Jauiiary 7, I860. 
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INTRODUCTION, 

AViiex on board II. S. “ Beadle,” as naturalist, I was 
much struck with certain facts in the distribution of the organic 
beings inliabiting South Amdrica, and in the geological rela- 
tions of the present to the past iiiliabitants of that continent. 
These facts, as will be seen in the latter chapters of this volume, 
seemed to throw some light on the origin of species — that 
mystery of mysteries, as it has beci\ called by one of our great- 
est philosophers. On my return home, it occurred to me, in 
1837, that something might perhaps be made out on this ques- 
tion by patiently accumulating and reflecting on all sorts of 
facts which could possibly have any bearing on it. After five 
years’ work I allowed myself to speculate on the subject, and 
drew up some short notes ; these I enlarged in 1844 into a 
sketch of the conclusions, which then seemed to me probable : 
from that period to the present day I have steadily pursued 
the same object. I hope that I may be excused from entering 
on these personal details, as I give them to show that I liave 
not l)een hasty in coming to a decision. 

My work is now nearly finished ; but as it will take me two 
or three more years to complete it, and as ray health is far 
from strong, I have been urged to publish this Abstract. I 
have more especially been induced to do this, as ^Ir. 'Wallace, 
who is now studying the natural history of the ^lala}" arclii- 
pelago, has arrived at almost exactly the same general conclu- 
sions that I have on the origin of species. In 1858 he sent me 
a memoir on this subject, with a request that I would forward 
it to Sir Charles Lyell, who sent it to the Linnean Society, and 
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it is published in the third volume of the Journal of that So- 
eiety. Sir C. L3*ell and Dr. Hooker, who botli l-niew of m3' 
work — tlie latter having read my sketch of 1844 — honored me 
by thinking it advisable to publish, with ^Ir. Wallace’s excel- 
lent memoir, some brief extracts from 1113^ manuscripts. 

Tins Abstract, which I now publish, must nccessaril3^ be 
imperfect. I cannot here give references and authorities for 
1113' several statements ; and I must trust to the reader reposing 
some conlidence in my accurac3'. No doubt errors will have 
crept in, thougli I hope I have always been cautious in trust- 
ing to good authorities alone. I can here give onl3' the general 
conclusions at which I have arrived, Avitli a few facts in illustra- 
tion, but which, I hope, in most cases will suflice. No one can 
feel more sensible than I do of the necessit3’’ of hereafter pub- 
lishing in detail all the fiicts, with references, on which 1113^ 
conclusions have been grounded ; and I hope in a future work 
to do this. For I am well aware that scarce!}^ a single point 
is discussed in this volume on which facts cannot be adduced, 
often apparently leading to conclusions dircctl3' opposite to 
those at which I have arrived. A fiiir result can be obtained 
only b3^ fully stating and balancing the facts and arguments 
on both sides of each question ; and this is here impossible. 

I much regret that Avant of space prevents 1113^ having the 
satisfaction of acknowledging the generous assistance which I 
have received from vciy inaiy naturalists, some of them ]A0r- 
sonall3^ unknown to me. I cannot, liOAA'evcr, let this oppor- 
tunit3^ pass without expressing m3' deep obligations to Dr. 
Hooker, who for the last fifteen 3'ears has aided me in eA’cr3' 
possible way by his large stores of knowledge and his excellent 
judgment. 

In considering the Origin of Species, it is quite conceivable 
that a naturalist, reflecting on the mutual aflinities of organic 
beings, on their embr3’ological relations, their geographical 
distribution, geological succession, and other such facts, might 
come to the conclusion that species had not been independentl3' 
created, but liad descended, like varieties, from other species. 
Ncvciihcless, such a conclusion, even if well founded, Avould be 
unsatisfaf'torv, until it could be shown how the innumerable 
sjiecies inhabiting this Avorld have been modified, so as to ac- 
quire that perfection of structure and coadaptation Avhich justly 
excites our admiration. Naturalists continually refer to exter- 
nal conditions, such as climate, food, etc., as the only possible 
cause of variation. In one limited sense, as avc shall hereafter 
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SCO, tins may be true ; but it is preposterous to attribute 
to mere external conditions, tlie structure, for instance, of 
the woodj^ecker, ^vitll its feet, tail, beak, and tongue, so ad- 
mirably adapted to catch insects under the bark of trees. In 
llic case of the mistletoe, ^vlueh draws its nourislnnent from 
certain trees, which has seeds that must be transported by cer- 
tain birds, and wliicli has llowcrs with separate sexes absolutely 
requiring the agency of certain insects to bring pollen from one 
ilower to the other, it is equally prei)Osterous to account for 
the structure of this parasite, with its relations to several dis- 
tinct organic beings, by the efTects of external conditions, or 
of habit, or of the volition of the plant itself. 

It is, therefore, of the highest importance to gain a clear 
insight into the means of modification and coadaptation. At 
the commencement of my observations it seemed to me prol> 
able that a carefi,il study of domesticated animals and of culti- 
vated plants would oiler the best chance of making out this 
obscure problem. Nor have I been disappointed ; in this and 
in all other perplexing cases I have invariably found that our 
knowledge, im]icrfect though it be, of variation under domesti- 
cation, alFordcd the best and safest clew, I may venture to 
express my conviction of the high value of such studies, al- 
though they have been very commonly neglected by natural- 
ists. 

From these considerations, I shall devote the first chapter 
of this Abstract to Variation under Domestication. We shall 
thus see that a large amount of hereditary modification is at 
least possible ; and, what is equally or more important, we 
shall see how great is the ]:iowcr of man in accumulating by 
his Selection successive slight variations. I will then pass on 
to the variability of species in a state of nature ; but I shall, 
unfortunately, be compelled to treat this subject far too briefly, 
as it can be treated properly only by giving long catalogues 
of facts. We shall, however, be enabled to discuss what cir- 
cumstances arc most favorable to variation. In the next chap- 
ter the Struggle for Existence among all organic beings 
tliroughout the world, which inevitably follows from the liigli 
geometrical ratio of their increase, will be treated of. This is 
the doctrine of Malthus, applied to the whole animal and vege- 
table kingdoms. As many more individuals of each species 
arc born than can possibly survive ; and as, consequently, there 
is a frequently-recurring struggle for existence, it follows tliat 
any being, if it vary however slightly in any manner profitable 
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to itself, under the complex and sometimes varying conditions 
of life, vill have a better chance of sund\dng, and thus be nat- 
nralln selected, F rom the strong principle of inheritance, any 
selected variety will tend to propagate its new and modified 
form. 

This fundamental subject of Natural Selection will be 
treated at some length in the fourth chapter ; and we shall 
then see how Natural Selection almost inevitably causes much 
Extinction of the less improved forms of life, and leads to what 
I have called Divergence of Character. In the next chapter I 
shall discuss the complex and little-known laws of variation. 
In the four succeeding chapters, the most apparent and gravest 
difficulties in accepting the theory will be given : namely, first, 
the difficulties of transitions, or how a simple being or a simple 
organ can be changed and perfected into a highlj^-dcvcloped 
being or into an elaborately-constructed organ ; secondly, the 
subject of Instinct, or the mental powers of animals ; thirdly, 
Hybridism, or the infertility of species, and the fertility of va- 
rieties when intercrossed; and fourthly, the imperfection of 
the Geological Record. In the next chapter I shall consider 
the geological succession of organic beings throughout time ; 
in the eleventh and twelfth, their geographical distribution 
throughout space ; in the thirteenth, their classification or mu- 
tual affinities, both when mature and in an embryonic condi- 
tion. In the last chapter I shall give a brief recapitulation of 
the whole work, and a few concluding remarks. 

No one ought to feel surprise at much remaining as yet 
unexplained in regard to the origin of species and varieties, if 
he make due allowance for our profound ignorance in regard 
to the mutual relations of the many beings which live around 
us. AVho can explain why one species ranges widely and is 
very numerous, and vdiy another allied species has a narrow 
range and is rare ? Yet these relations are of the highest im- 
jiortance, for they determine the present welfare, and, as I be- 
lieve, the future success and modification of every inhabitant 
of this world. Still less do we know of the mutual relations 
of the innumerable inhabitants of the world during the many 
]x\st geological epochs in its history. Although much remains 
obscure, and \vill long remain otjscure, I can entertain no 
doubt, after the most deliberate stud}’- and dispassionate judg- 
ment of which I am caj^able, that the view which most natu- 
ralists entertain, and which I formerly entertained — namely, 
that each species lias been iiulependcntly created — is erro- 



IXTKODUCTIOX. 



21 



neons. 1 am fully convinced that species are not immutable, 
but that those belonging to ^vhat are eallcd the same genera 
are lineal descendants of some other and generally extinct spe- 
cies, ill the same manner as the acknowledged varieties of any 
one sjiecies are the descendants of that species. Further- 
more, I am convinced that Natural Selection has been the 
most important but not the exclusive means of modification. 
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CHAPTER I. 

■\'ARIATIOX UNDER DOJIESTICATION. 

Causes of Variability— Effects of Ilabit—Correlated Variation— Inheritance— Char- 
acter of Domestic Varieties— Difficulty of clistin"uiehin(j between Varieties and 
yneeies— Orii,Mn of Domestic Varieties from one or more Species— Domestic 
Pigeons, their Differences and Origiu—Principles of Selection, anciently followed, 
their Effects — Methodical and Unconscious Selection— Unknown Origin of onr 
Domestic Productions— Circumstances favorable to Man’s Power of Selection. 

Causes of YarlahUiUj, 

When we comjiare the individuals of the same variety or 
sub-variety of our older cultivated plants and animals, one of 
the first points which strikes us is, tliat they generallj^ differ 
from each other more than do the indmduals of any one spe- 
cies or variety in a state of nature. And if we reffect on the 
vast diversity of the plants and animals which have been eul- 
tiAaited, and which have varied during all ages under the most 
different climates and treatment, we are driven to conclude 
that this great variability is due to our domestic productions 
having been raised under conditions of life not so uniform as, 
and somewhat different from, those to which the parent-sj>ccies 
had been exposed under nature. There is also, I think, some 
probability in the view propounded by Andrew Knight, that 
this variability may be ])artly connected with excess of food. 
It seems clear that organic beings must be exposed during 
several generations to new conditions to cause any appreciable 
amount of variation ; and that, when the organization has once 
l)ogun to vary, it generally continues varying for many gener- 
ations. No case is on record of a variable organism ceasing 
to vary under cultivation. Our oldest cultivated plants, siicli 
as wheat, still yield new varieties: our oldest domesticated 
animals are still capable of rapid improvement or modilioa- 
tion. 

As far as 1 am able to judge, after long attending to the 
subject, the conditions of life apj:)ear to act in two ways — di- 
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rcctly on tlic whole organization or on certain parts alone, and 
indirectly by airccting the reproductive sj^stem. AVith respect 
to the direct action, we must bear in mind that in every case, 
as Prof. Weismann has lately insisted, and as I have incident- 
ally shown in my work on “ Variation under Domestication,’’ 
there arc two factors: namely, the nature of the organism, and 
the nature of the conditions. The former seems to be much 
the more important; for nearly similar variations sometimes 
arise under, as far as we can judge, dissimilar conditions; and, 
on the other hand, dissimilar variations under conditions which 
appear to be nearly uniform. The eflccts on the offspring arc 
either definite or indefinite. They may be considered as defi- 
nite when all or nearly all the offspring of individuals exposed 
to certain conditions during several generations arc modified 
in the same manner. It is extremely difhcult to come to any 
conclusion in rcg;ird to the extent of the changes which have 
been thus definitely induced. There can, however, be little 
doubt about many slight changes — such as size from the 
amount of food, color from the nature of the food, thickness of 
tlic skin and hair from climate, etc. Each of the endless vari- 
ations which we sec in the plumage of our fowls must have 
had some efficient cause ; and if the same cause were to act 
uniformly during a long series of generations on many indi- 
viduals, all probably would be modified in the same manner. 
Such facts as the complex and extraordinary outgrowths 
which invariably follow from the insertion of a minute drop of 
])oison by a gall-produeing insect, show us what singular mod- 
ilications might result in the case of plants from a chemical 
change in the nature of the sap. 

Indefinite variability is a much more common result of 
changed conditions than definite variability, and has probably 
l^laycd a more important pari in the fonnation of our domestic 
races. We sec indefinite variability in the endless slight pe- 
culiarities which distinguish the individuals of the same s])c- 
cics, and which cannot be accounted for by inheritance from 
either parent or from some more remote ancestor. Even 
strongly-maikcd differences occasionally appear in the young 
of the same litter, and in seedlings from the same seed-capsules. 
At long intervals of time, out of millions of individuals reared 
in the same country and fed on nearly the same food, devia- 
tions of structure so strongly pronounced as to deserve to be 
called monstrosities arise; but monstrosities cannot be sepa- 
rated by any distinct line from slighter variations. All such 
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changes of structure, 'wlictlier extremely slight or strongly 
marked, wliich appear among many individuals living together, 
may be considered as the indefinite elTects of the conditions of 
life on each individual organism, in nearly the’ same manner as 
a chill aftccts different men in an indefinite manner, according 
to their state of body or constitution, causing coughs or colds, 
rheumatism, or inflammations of various organs. 

With respect to what I have called the indirect action of 
changed conditions, namely, through the reproductive system 
being affected, we may infer that variability is thus induced, 
partly from the fact of this system being extremely sensitive 
to any change in the conditions, and partly from the similarit}^ 
as Kolrcutcr and others have remarked, between the variabil- 
ity which follows from the crossing of distinct species, and 
that which may be observed with all plants and animals 
when reared under new or unnatural conditions. Many fads 
clearly show how eminently suseeptiblc the reproductive sj^s- 
tem is to very slight changes in the surrounding conditions. 
Nothing is more easy than to tame an animal, and few tilings 
more dilficult than to get it to breed freely under confinement, 
oven when the male and female unite. How many animals 
there arc wliich will not breed, though kept in an almost free 
state in their native country ! This is generally, but errone- 
ously, attributed to vitiated instincts. Many cultivated plants 
display the utmost vigor, and yet rarely or never seed ! In 
some few eases it has been discovered that a very trifling 
change, such as a little more or less water at some particular 
period of growth, wdll determine whether or not a plant will 
produce seeds. I cannot here giv^e the details wliich I have 
collected and elsewhere published on this curious subject ; but, 
to show how singular the laws are which determine the repro- 
duction of animals under confinement, I may mention that car- 
nivorous animals, even from the tropics, breed in this country 
pretty freely under confinement, with the exception of the 
platitigrades or bear fiimily, which seldom produce young; 
whereas carnivorous birds, with the rarest exceptions, hardly 
ever lay fertile eggs. Many exotic plants have jiollcn utterly 
worthless, in the same condition as in the most sterile hybrids. 
When, on the one hand, we see domesticated animals and 
])lants, though often weak and sickly, yet breeding freely un- 
der confinement ; aiid Avhen, on the other hand, we see iiidi- 
Auduals, though taken young from a state of nature, jierfcctly 
tamed, long-lived, and healthy (of which I could give numerous 
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instances), yet having their reproductive system so seriously 
a fleeted by iinpcrceivcd causes as to fail to act, we need not 
he surprised at this system, when it does act under confinc- 
inent, acting irregularly, and ]iroducing olTspring somewhat 
unlike their parents. I may add, that as some organisms breed 
freely under the most unnatural conditions (for instance, rab- 
bits and ferrets kept in hutches), showing that their re]iroduc- 
tivc organs arc not aflccted ; so will some animals and plants 
withstand domestication or cultivation, and vary very slightly 
— perhaps hardly more than in a state of nature. 

Some naturalists have maintained that all variations arc 
connected with the act of sexual reproduction ; but this is cer- 
tainly an ciTor; for I have given in another work a long list 
of “ sporting plants,” as they arc called by gardeners — that is, 
of plants which have suddenly produced a single bud with a 
now and sometimes widcly-diflcrcnt character from that of the 
other buds on the same plant. These bud-variations, as they 
may be named, can be propagated by grafts, offsets, etc., and 
sometimes by seed. They occur rarely under nature, but far 
from rarely under culture. As a single bud out of the many 
thousands produced year after year under uniform conditions 
on the same tree, has been known suddenly to assume a new 
cliaracter; and as buds on distinct trees growing under difler- 
ent conditions, have sometimes yielded nearly the same variety 
— for instance, buds on peach-trees producing nectarines, and 
buds on common roses producing moss-roses — wo clearly see 
that the nature of the conditions is of quite subordinate impor- 
tance in comparison with the nature of the organism in deter- 
mining each particular form of variation — of not more impor- 
tance than the nature of the spark by which a mass of combus- 
tible matter is ignited, has in determining the nature of the 
flames. 

Kffccts of Habit ; Correlated Variation; Inheritance. 

Habits are inherUed and have a decided influence; as in 
the period of the flowering of plants when transported from 
one climate to anotlicr. In animals they have a more marked 
clfcct ; for instance, I find in the domestic duck that the bones 
of the wing weigh less and the bones of the leg more, in pro- 
portion to the whole skeleton, than do the same bones in the 
wild-duck; and this change may be safely attributed to the do- 
mestic duck flying much less, and walking more, than its Muld 
parents. Tlic great and inherited dcvelojmicnt of the udders 
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in COWS and goats in countries wliere tlic}^ arc habitually milked, 
in comparison with the state of these organs in other countries, 
is probably anotlier instance of the eflccts of use. Not one of 
oiir domestic animals can be named which has not in some 
country drooping ears ; and the vicAV Avhich has been suggested 
that the drooping is due to the disuse of the muscles of the 
ear, from the animals being seldom alarmed by danger, seems 
probable. 

!Many laws regulate variation, some few of which can be 
dimly seen, and will liereafter be briefly discussed. I will here 
only allude to vdiat may be called correlated variation. Iin- 
jiortant clianges in the embryo or larva will probably entail 
changes in tlie mature animal. In monstrosities, the correla- 
tions between quite distinct parts are very curious ; and many 
instances arc given in Isidore Geoflroy St. -Hilaire’s great work 
on this subject. Breeders believe that long limbs are almost 
always accompanied by an elongated head. Some instances 
of correlation are quite whimsical : thus cats which are entirely 
white and have blue eyes are generally deaf. Color and con- 
stitutional peculiarities go together, of which many remarkable 
eases could be given among animals and plants. From facts 
collected by Heusinger, it appears that white shcc]) and pigs 
are injured by certain ]ilants, while dark-colored indiHduals es- 
cape: Prof. W}mian has recently communicated to me a good 
illustration of this fact ; on asking some farmers in Florida how 
it was that all their pigs were black, they informed him that 
the ]ngs ate the paint-root (Lachnanthes), which colored their 
bones pink, and which caused the hoofs of all but the black 
varieties to drop oil*; and one of the “crackers” (i. e., Florida 
squatters) added, “we select the black members of a litter for 
raising, as they alone have a good chance of living,” Hairless 
dogs liave imperfect teeth : long-haired and coarse-haired ani- 
mals arc apt to have, as is asserted, long or many horns ; 
])igeons with feathered feet have skin l:)etwecn their outer 
toes; pigeons with short beaks have small feet, and those 
Avith long beaks large feet. Hence if man goes on selecting, 
and thus augmenting, any peculiarity, he will almost certainly 
modify unintentionally other ])arts of the structure, owing to 
the mysterious kiAVS of correlation. 

The results of the various, unknown, or but dimly under- 
stood laAVS of variation are infinitely comidex and diversified. 
It is well Avorth Avhilc carefully to study tlie scA'cral treatises 
on some of our old cultiA^ated plants, as on the hyaei:;th, pf»tato. 



Chap. I. 



UNDER DOMESTICATION. 



27 



even the dalilia, etc. ; and it is really surprising to note the 
endless ])oints in structure and constitution in 'wliicli the varie- 
ties and sul>varietics dillcr slightly from each other. The 
Avdiole organization seems to have become plastic, and tends to 
depart in a slight degree from that of the parental type. 

An}’ variation 'which is not inherited is unimportant for us. 
But the number and diversity of inheritable deviations of struc- 
ture, botli those of slight and those of considerable physiological 
importance, are endless. Dr. Prosper Lucas’s treatise, in two 
large volumes, is the fullest and the best on this subject. No 
breeder doubts how strong is the tendency to inheritance : that 
like jnoduces like is his fundamental belief : doubts have been 
thrown on this principle only by theoretical '\sTiters. When 
any deviation of structure often appears, and we see it in the 
father and child, we cannot tell whether it may not be due to 
the same cause having acted on both ; but when among indb 
viduals, ap])arcntly exposed to the same conditions, any very 
rare deviation, due to some extraordinary combination of cir- 
cumstances, ap]:>car3 in the parent — say, once among several 
million individuals — and it reappears in the child, the mere 
doctrine of chances almost compels us to attribute its re- 
appearance to inheritance. Every one must have heard of 
cases of albinism, prickly sldn, hairy bodies, etc., appearing in 
several members of tlic same family. If strange and rare devia- 
tions of structure arc really inherited, less strange and com- 
moner deviations may be freely admitted to be inheritable. 
Perhaps the correct way of viewing the whole subject, would 
be, to look at the inheritance of ev’cry character whatever as 
the rule, and non-inheritance as the anomaly, 

TIic laws gov’crning inheritance arc for the most part un- 
known. No one can say why the same peculiarity in difTerent 
individuals of the same species, or in difTerent species, is some- 
times inherited and sometimes not so ; why the child often re- 
verts in certain characters to its grandfather or grandmother or 
more remote ancestor ; why a peculiarity is often transmitted 
from one sex to both sexes, or to one sex alone, more commonly 
but not cxcljisiv’cly to the like sex. It is a fart of some impor- 
tance to ns, that ])eculiaritics appearing in the males of our 
domestic breeds arc often transmitted, either cxclusiv’ely or in 
a much greater degree, to the males alone. A much more im- 
portant rule, which I think may be trustc'd, is that, at whatev’cr 
])criod of life a peculiarity first appears, it tends to reappear in 
the offspring at a corrcs}>ondi ng age, though sometimes earlier. 
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In many cases this could not be otherwise : tlius the inherited 
j)ecnliarities in tlic horns of cattle could appear only in the 
on’sjirinir Avhcn nearly mature ; peculiarities in the silkworm 
arc known to appear at the corresponding caterpillar or cocoon 
stage. But hereditary diseases and some other facts make me 
believe that the rule lias a wider extension, and that, when 
there is no apj^arent reason wli}^ a peculiarity should appear at 
any particular age, 3'et that it docs tend to appear in the ofT- 
spriug at the same period at which it first appeared in the par- 
ent. I believe this rule to be of the highest importance in 
explaining the laws of embr^'ology. These remarks arc of 
course confined to the first appearance of the pccnliarit}^, and 
not to its primaiy cause, which may have acted on the ovules 
or on the male element ; in nearly" the same manner as in the 
ollspring from a short-horned cow by a long-horned bull, the 
greater length of horn, though appearing late in life, is clearl}^ 
due to the male clement. 

Having alluded to the subject of reversion, I ma}" here refer 
to a statement often made by naturalists — namely, that our 
domestic varieties, when run wild, graduall}" but invariably re- 
vert in character to their aboriginal stocks. Hence it has been 
argued that no deductions can be drawn from domestic races 
to species in a state of nature. I have in vain endeavored to 
discover on what decisive facts the above statement has so 
often and so boldl}- been made. There would be groat difli- 
enlly in proving its truth : we may safely conclude that very 
many of the most strongly-marked domestic varieties could not 
possibly live in a wild state. In many cases we do not know 
what the aboriginal stock was, and so could not tell whether 
or not iioarl}^ ])crfect reversion had ensued. It would l^c ne- 
cessary, in order to ])revcnt the clTects of intercrossing, that 
only a single varict}^ should have been turned loose in its new 
home. Nevertheless, as our varieties ccrtainlj" do occasionally 
revert in some of their characters to ancestral forms, it seems 
to me not improbable, that, if we could succeed in naturalizing, 
or were to cultivate, during manj^ generations, the several races, 
for instance, of the cabbage, in very poor soil (in which case, 
however, some cftect would have to be attributed to the definite 
action of the ]ioor soil), thev would to a large extent, or 
even whollv, revert to. the wild aboriginal stock. Whether or 
not the exjieriment would succeed, is not of great imjwrtancc 
for our lino of argument ; for by the experiment itself the con- 
ditions of life are changed. If it could be shown that our do- 
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incslic varieties nianifostccl a stron<^ tendency to reversion — 
tliat is, to lose their acquired characters, while kept under the 
same conditions, and while kept in a considerable body, so that 
free intcrcrossinp^ might check, by blending together, any slight 
deviations in tlieir stnictnre, in such case, I grant tliat we could 
deduce nothing from domestic varieties in regard to species. 
Blit there is not a shadow of evidence in favor of tliis view : to 
assert that we could not breed our cart and race horses, long 
and short horned cattle, and poultry of various breeds, and 
esculent vegetables, for an unlimited number of generations, 
would be ojiposcd to all experience. 

Character of Domestic 'M.trietk^ ; Difficulty of distinguish- 

ing between Varieties and Species; Origin of Domestic 
Varieties from one or more Sj^ecles, 

AVhen wc look to the hereditary varieties or races of our 
domestic animals and plants, and compare them with closel}'- 
allicd species, we generally perceive in each domestic race, as 
already remarked, less uniformity of character tlian in true 
speeies. Domestic races often have a somewhat monstrous 
character; by which I mean that, although dilTering from each 
other, and from otlier species of the same genus, in several 
trifling resjiects, tlicy often difier in an extreme degree in some 
one ]>art, both when compared one with another, and more 
especially when compared with the species under nature to 
which they arc nearest allied. With these exce]itions (and 
with that of tlie ])erfect fertility of varieties when crossed — a 
subject hereafter to be discussed), domestic races of the same 
species differ from each other, only in most cases in a less de- 
gree, in the same manner as do closely-allied s])ceies of the 
same genus in a state of nature. This must be admitted as 
true, for the domestic races of many animals and plants have 
-been rankc^d by some competent judges as the descendants of 
aboriginally distinct species, and by other competent judges as 
mere variidies. If any well-marked distinction existed be- 
tween a domestic race and a sj'iecies, this source of doubt 
would not so perpetually recur. It has often been stated that 
domestic races do not differ from each other in characters of 
generic value. It can be shown that this statement is not cor- 
rect ; but naturalists differ much in determining what char- 
acters are of generic value ; all such valuations being at 
])rescnt ein])irical. When it is cx[)laincd how genera origi- 
nate under nature, it will be seen that wc have no right to 



CIIARACTKK OF 



Chap. I. 



no 

expect often to find a generic amount of difference in our do- 
mesticated races. 

In attempting to estimate the amount of structural differ- 
ence ])et\vecn the domestic races of the same species, we arc 
soon involved in doubt, from not knowing whether thej^ have 
descended from one or several parent-species. This point, if 
it could be cleared up, would be interesting; if, for instance, 
it could be shown that the greyhound, bloodliound, terrier, 
spaniel, and bull-dog, which we all know propagate their kind 
so trul}', were the offspring of any single species, then such 
facts would have great weight in making us doubt about tlic 
immutability of the many very closely-allied natural species — 
for instance, of the many foxes — inhabiting different C[uarter3 
of the world. I do not believe, as we shall presently see, that 
tlic whole amount of difference between the several breeds of 
the dog has been produced under domestication; I believe 
that some small part of the difference is due to their having 
descended from distinct species. In the case of strongly- 
marked races in some other domesticated species, there is 
presumptive, or even strong, evidence that all are descended 
from a single wild stock. 

It has often been assumed that man has chosen for domes- 
tication animals and plants having an extraordinary inherent 
tendency to vary, and likewise to withstand diverse climates. 
I do not dispute that these capacities have added largely to 
the value of most of our domesticated productions ; but how 
could a savage possibly know, when he first tamed an animal, 
whether it woidd vary in succeeding generations, and whether 
it would endure other climates ? Has the little variability of 
tlic ass and goose, or the small power of endurance of warmth 
by the reindeer, or of cold by the common camel, prevented 
their domestication ? I cannot doubt that if other animals and 
plants, equal in number to our domesticated productions, and 
belonging to equally diverse classes and countries, were taken 
from a state of nature, and could be made to breed for an equal 
number of generations under domestication, they would on an 
average vary as largely as the jiarcnt-specics of our existing 
domesticated productions have varied. 

In the case of most of our anciently-domesticated animals 
and ]ilants, it is not possible to come to any definite conclusion, 
whether they are descended from one or several wild species. 
The argument mainly relied on by those who believe in the 
muliiple origin of our domestic animals is, that we find in the 
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most ancient limes, on the inomiments of Egypt, and in the 
lake-liabitations of Switzerland, much diversity in the breeds ; 
and that some of these ancient breeds elosely resemble or are 
even identical with those still existing, liut this only tlirows 
far backward the history of civilization, and shows that ani- 
mals were domesticated at a much earlier period than lias hith- 
erto been supposed. The lake-inhabitants of Switzerland cul- 
tivated several kinds of wheat and barlej", the pea, the ])op]iy 
for oil, and llax ; and they possessed several domesticated ani- 
mals ; they had also commerce with other nations. All this 
clearly shows, as Heer has remarked, that they had at this 
early age progressed considerably in civilization ; and this 
again implies a long-continued previous period of less advanced 
civilization, during Avhicli the domesticated animals, kept by 
the diftcreut tribes in dilTcrent districts, might have varied and 
given rise to distinct races. Since the discovery of flint tools 
or celts in the superficial fonnations in many parts of the world, 
all geologists believe that barbarian man existed at an enor- 
mously remote period ; and we know that at the present day 
there is hardly a tribe so barbarous as not to have domesti- 
cated at least the dog. 

The origin of most of our domestic animals will probably 
forever remain vague. But I may here state that, looking 
to the domestic dogs of the whole world, I have, after a la- 
borious collection of all known facts, come to the conclusion 
that several wild species of Canidm have been tamed, and that 
their blood, in some cases mingled together, flows in the veins 
of our domestic breeds. In regard to sheep and goats, I can 
form no decided opinion. From facts communicated to me bv 
Air. Blyth, on the habits, voice, constitution, and structure of 
the humped Indian cattle, it is almost certain that they arc de- 
scended from a dincrent aboriginal stock from our European 
cattle; and some competent judges believe that these latter 
have had two or three wild progenitors — whether or not these 
deserve to be called species or races. This conclusion, as well 
as the specific distinction between the humped and common 
cattle, may, indeed, be looked at as established by the recent 
admirable researches of Prof. KlUimcyer. "With respect to 
horses, from reasons which I cannot here give, I am doubtfully 
iiielined to believe, in opposition to several authors, that all the 
races belong to the same species. Having kept nearly all the 
English breeds of the fowl alive, having bred and crossed them, 
and examined their skeletons, it a])pcars to me almost certain 
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that all are the descendants of the wild Indian fcnvl, Gallus 
bankiva ; and this is the conclusion of Mr. Bljtli, and of others 
who have studied this bird in India. In regard to ducks and 
rabbits, some breeds of which difler much from each other, the 
evidence is clear that they arc all descended from the common 
wild duck and rabbit. 

The doctrine of the origin of our several domestic races from 
several aboriginal stocks, has been carried to an absurd ex- 
treme by some authors. They believe that every race which 
breeds true, let the distinctive characters be ever so slight, 
has had its wild prototy]ie. At this rate, there must have ex- 
isted at least a score of species of 'wild cattle, as man}" slice]), 
and several goats, in Europe alone, and several even within 
Great Britain. One author believes that there fonnerlj' existed 
in Great Britain eleven wild species of sheep peculiar to it ! 
\Vhcn we bear in mind that Britain has now hardly one pecu- 
liar mammal, and France but few distinct from those of Ger- 
many, and conversely, and so with Hungary, Spain, etc., but 
that each of these kingdoms ]x>sscsses several peculiar breeds 
of cattle, sheep, etc., we must admit that many domestic breeds 
have originated in Europe ; for Avhcncc have they been derived, 
as these several countries could not possess so large a number 
of peculiar species for parent-stocks ? So it is in India. Even 
in the case of the domestic dogs of the whole M’orld, which I 
admit to have descended from several wild species, it cannot be 
doubted that there has been an immense amount of inherited 
variation ; for v/ho will believe that animals closely resembling 
the Italian greyhound, the bloodhound, the bull-dog, pug-dog, 
or Blenheim spaniel, etc. — so unlike all wild Canida) — ever ex- 
isted freely in a state of nature ? It has often been loosely 
said that all our races of dogs have been produced by the 
crossing of a few aboriginal species ; but by crossing we can 
only get forms in some degree intermediate between their par- 
ents ; and if we account for our several domestic races by this 
process, we must admit the former existence of the most ex- 
treme forms, as the Italian grC3diound, bloodhound, bull-dog, 
(‘tc., in the wild state. Moreover, the possibility of making 
distinct races by crossing has l)ccn greatly exaggerated. Many 
eases arc on record, showing that a race may be modified by 
occasional crosses, if aided by the careful selection of the in- 
dividuals which present the desired character; but to obtain a 
race nearly intermediate between two extremely dilTcrcnt races 
or species, would be very dillicult. Sir J. Sebright expressly 



Chap. I. 



DOMESTIC VAKIETIES. 



33 



experimented for this object, and failed. The ofl'sj)ring from 
the first cross between two pure breeds is tolerably and some- 
times (as I have found witli pigeons) extremely uniform, and 
every thing seems simple enough ; but when these mongrels 
are crossed one with anotln^r for several generations, hardly 
two of them are alike ; and then the extreme difliculty of the 
task becomes aj^parent. Certainly, a breed intermecliate be- 
tween two very distinct breeds could not be got without ex- 
treme care and long-continued selection ; nor can I find a case 
on record of a permanent race having been thus formed. 



Breeds of the Domestic Pigeon^ their Differences and Origin. 

Believing that it is alwa\"s best to study some special group, 
I have, after deliberation, taken up domestic ])igeons. 1 have 
kept every breed which I could purchase or obtain, and have 
been most kindly favored with .skins from several quarters of 
the world, more esjiecially by the lion. W. Elliot from India, 
and by the lion. C. Murray from Persia. ]\Iany treatises in 
difTerent languages have been published on pigeons, and some 
of them are very important, as being of considerable antiquity. 
I have associated with several eminent fanciers, and have been 
permitted to join two of the London Pigeon Clubs. The diver- 
sity of the breeds is something astonishing. Compare the Eng- 
lish carrier and the short-faced tuml)ler, and see the wonderful 
dilTerence in their beaks, entailing corresponding differences in 
their skulls. The carrier, more especially the male bird, is also 
remarkable from the wonderful development of the caruncu- 
latcd skin about the head; and this is accompanied bygreatl>’- 
elongated eyelids, very large external orifices to the nosti*ils, 
and a wide gape of mouth. The short-faced tumbler has a 
beak in outline almost like that of a finch; and the common 
tumbler has the singular inherited habit of Hying at a great 
height in a compact Hock, and tumbling in the air head over 
heels. The runt is a bird of great size, with long, massive beak 
and large feet ; some of the sub-breeds of runts have very long 
necks, others very long wings and tails, others singularly short 
tails, ddie barb is allied to the carrier, but, instead of a long 
beak, has a very short and broad one. The pouter has a much- 
elongated body, wings, and legs; and its enormously devel- 
oped crop, which it glories in inllating, may well excite aston- 
ishment and c'V('ii laughter. The turbit has a very short and 
conical beak, with a line of reversed feathers down the breast; 
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and it has the habit of contiinially expanding slightly the up- 
per ])art of the cesophagiis. The Jacobin has the feathers so 
iniich reversed along the back of the neck that they form a 
hood ; and it has, ])roportionally to its size, much-elongated 
wing and tail feathers. The trumpeter and laugher, as their 
names express, utter a very difTcrent coo from the other breeds. 
The fantail has thirty or even forty tail-feathers, instead of 
twelve or fourteen — the normal number in all members of the 
gTcat ])igcon family ; and these feathers are kept expanded, 
and arc carried so erect, that in good birds the head and tail 
touch : the oil-gland is quite aborted. Several other less dis- 
tinct breeds might be specified. 

In the skeletons of the several breeds, the development of 
the bones of the face in length and breadth and curvature dif- 
fers enormously. The shape, as well as the breadth and length 
of the ramus of the lower jaw, varies in a highly-remarkablc 
manner. The caudal and sacral vertebrae vary in number ; as 
docs the number of the ribs, together with their relative breadth 
and the presence of processes. The size and shape of the 
a])crturcs in the sternum arc highly variable ; so is the degree 
of divergence and relative size of the two arms of the furcula. 
4410 proportional 'wddth of the gape of month, the proportional 
length of the eyelids, of the orifice of the nostrils, of the tongue 
(not always in strict correlation with the length of beak), the 
size of the crop and of the upper part of the ocso])hagus ; the 
development and abortion of the oil-gland ; the number of the 
jirimary wing and caudal feathers ; the relative length of wing 
and tail to each other and to the body ; the relative length of leg 
and of the feet ; the number of scutcllac on the iocs, the develop- 
ment of skill between the toes, arc all points of structure vhich 
are variable. The period at which the perfect plumage is ac- 
([uired, varies, as docs the state of the doum with which the nest- 
ling birds arc clothed when hatched. The shape and size of the 
eggs vary. The manner of flight, and in some breeds the voice 
aii(l disposition, difler remarkably. Lastly, in certain breeds, the 
males and females have come to difler in a slight degree from 
each other. 

Altogether, at least a score of pigeons might be chosen, 
which, if shown to an ornithologist, and he were told that they 
were wild birds, would certainly be ranked by him as well-de- 
fined species. ^Moreover, I do not believe that any ornitholo- 
gist would ])lace the English earner, the short-faced tumbler, 
the runt, tlic barb, pouter and fantail in the same genus; 
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more especially as in each of these breeds several truly-inhcr- 
iLcd sub-breeds, or species as he would have called tliein, could 
be shown him. 

Great as the diflerences are between the breeds of pigeons, 
I am fully convinced that the common opinion of naturalists 
is correct, namely, that all are descended from the rock-pigeon 
(Coliimba livia), including under this term several geographi- 
cal races or sub-species, which differ from each other in the 
most trilling respects. As several of the reasons which have 
led me to this belief arc in some degree applicable in other 
cases, I will here briefly give them. If the several breeds are 
not varieties, and have not proceeded from the rock-pigeon, 
they must have descended from at least seven or eight abori- 
ginal stocks; for it is impossible to make the present domestic 
breeds by the crossing of any lesser number: how, for instance, 
could a pouter be produced by crossing two breeds unless one 
of the paix.mt-stocks possessed the characteristic enormous 
crop? The sujiposcd aboriginal stocks must all have been 
rock-jiigcons, that is, not breeding or willingly perching on 
trees. But besides Columba livia, with its geographical sub- 
species, only two or three other species of rock-j^igeons arc 
known ; and these have not any of the characters of the 
domestic breeds. Hence the supposed aboriginal stocks must 
cither still exist in the countries where they were originally 
domesticated, and yet be unknown to ornithologists ; and this, 
considering their size, habits, and remarkable characters, seems 
imjnobablc ; or they must have become extinct in the wild 
state. But birds breeding on prcci]>iccs, and good fliers, are 
unlikely to be exterminated ; and the common rock-pigeon, 
which has the same habits with the domestic breeds, has not 
been exterminated even on several of the smaller Britisli isiccs, 
or on the shores of the Mediterranean. Hence the supposed 
extermination of so many species having similar habits Avitli 
the rock-pigeon seems a very rash assumption. Moreover, 
the several above-named domesticated I)rccds have been trans- 
ported to all parts of the world, and, therefore, some of them 
must have been carried back again into their native country; 
l)ut not one has ever l)ccomc wild or feral, though the dovecot- 
])igeon, which is the rock-j)igcon in a very slightly altered 
state, has become feral in several ]daces. Again, all recent 
experience shows that it is difficult to get any wild animal to 
breed freely under domestication: yet, on the hypothesis of the 
multiple oriu'in of our pigeons, it must be assumed that at least 
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seven or eight species were so llioroiiglily domesticated in 
ancient times by half-civilized man, as to be quite prolific un- 
der confinement. 

An argument of great^ weight, and applicable in several 
other cases, is, that the above-specified breeds, though agree- 
ing generally with the wild rock-pigeon in constitution, habits, 
voice, coloring, and in most parts of their structure, yet are 
certainly higlily almormal in other parts; we may look in vain 
throughout the whole great family of Coluinbidm for a beak 
like that of the English carrier, or that of the short-faced tum- 
bler, or barb; for reversed feathers like those of the Jacobin; 
for a crop like that of the pouter; for tail-feathers like those 
of the fantail. Hence it must be assumed, not only that half- 
civilized man succeeded in thoroughly domesticating several 
species, but that he intentionally or by chance picked out ex- 
traordinarily abnormal species; and further, that these very 
species have since all become extinct or unknown. So many 
strange contingencies are improbable in the liighest degree. 

Some facts in regard to the coloring of pigeons well de- 
serve consideration. The rock-j)igQon is of a slaty-blue, with 
white loins; the Indian sub-species, C. intermedia of Strick- 
land, having this part bluish; the tail has a terminal dark bar, 
with the outer feathers externally edged at the base with 
white; the wings have two black bars. Some semi-domestic 
breeds, and some truly wild breeds, have,' besides the two 
black bars, the wings checkered with black. These several 
marks do not occur together in any other species of the whole 
family. Now, in every one of the domestic breeds, taking 
thoroughly well-bred birds, all the above marks, even to the 
white edging of tlic outer tail-feathers, sometimes concur ]Der- 
fectly developed. Moreover, when birds belonging* to two or 
more distinct breeds are crossed, none of which arc blue or 
have any of the above-specified marks, the mongrel offspring 
are very apt suddenly to acquire these characters. To give 
one instance out of several which I have observed : I crossed 
some white fantails, which breed very true, with some black 
barbs — and it so hap])cns that blue varieties of barbs arc so 
rare that I never heard of an instance in England; and the 
mongrels were black, brown, and mottled. I also crossed a 
barb with a spot, which is a wliite bird witli a red tail and 
red spot on the forehead, and 'which notoriously breeds very 
true ; the mongrels were dusky and mottled. 1 then crossed 
one of the mongrel barb-fanlails ‘with a mongrel l)arb-spot, and 
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j3rodiicccl a l)ird of as beautiful a blue color, Avitli the 
wliite loins, double black wing-bar, and barred and wliite- 
edged tail-feathers, as any wild rock-pigeon ! We can under- 
stand these facts, on tlio well-known j)rinciple of reversion to 
ancestral characters, if all the domestic breeds are descended 
from the rock-pigeon. 13ut if we deny this, we must make 
one of the two following highly improbable suppositions: 
either, first, that all the several imagined aboriginal stocks 
were colored and marked like the rock-pigeon, although no 
other existing species is thus colored and marked, so that in 
eaeh separate breed there might be a tendency to revert to 
the very same colors and markings; or, secondly, that each 
breed, even the purest, has within a dozen, or at most with- 
in a score, of generations, been crossed by the rock-pigeon : 
I say within a dozen or twenty generations, for no instance 
is known of crossed descendants reverting to an ancestor 
of fore igir blood, removed by a greater number of genera- 
tions. In a breed which has been crossed only once, the 
tendency to revert to any character derived from such a cross 
will naturally become less and less, as in each succeeding 
generation there will be less of the foreign blood ; but when 
there has been no cross, and there is a tendency in the breed 
to revert to a character which was lost during some former 
generation, this tendency, for all that we can see to the contrary, 
may be transmitted undiminished for an indefinite number of 
generations. These two distinct cases of reversion are often 
confounded together by those who have written on inheritance. 

Lastly, the hybrids or mongrels from between all the 
domestic breeds of ])igcons arc perfectly fertile. I can state 
this from 1113 ^ own observations, ])urposclv made, on the most 
distinct breeds. Now, it is difficult, perhaps impossible, to 
bring forward one case of the hx'brid oilspring of two animals 
clcffrlt/ distinct being themselves perfectly fertile. Some 
authors believe that long-continued domestication eliminates 
this strong tendcnc}^ to sterilil}': from the histor}' of the dog-, 
and of some other domestic animals, there is great probability 
in this h\-])othcsis, if apjdied to species closel}' related to each 
other, though it is unsupported b}^ a single experiment. But 
4o extend the h^qiothesis so far as to suppose that sjiccies, 
aboriginally as distinct as carriers, tumblers, jiouters', and fan- 
lails now are, should 3 *icld ofispring pcrfectl}' feidilc inter sc^ 
seems to me rash in the extreme. 

From these several reasons, namelv, the im])robabilit}' of 
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mail having formerly got seven or eight supposed species of 
pigeons to breed freely under domestication ; these supposed 
sj)ccies being quite unknown in a wild stale, and their be- 
coming nowhere feral ; these species having very abnormal 
characters in certain rcs])ects, as compared with all other Co- 
lumbid.a?, though so like in most other respects to the rock- 
pigeon ; the blue eolor and various black marks occasionally 
appearing in all the breeds, both when kept pure and when 
crossed ; the mongrel offspring being perfectly fertile — from 
these several reasons, taken together, wc may safely conclude 
that all our domestic breeds have descended from the Columba 
livia with its geogTaphical sul>species. 

In favor of this view, I may add, first, that C. livia, or the 
rock-pigeon, has been found capable of domestication in Europe 
and in India ; and that it agrees in habits and in a great num- 
ber of points of structure with all the domestic breeds. Second- 
ly, although an English carrier or a short-faced tumbler differs 
immensely in certain characters from the rock-pigeon, yet by 
comparing the several sub-breeds of these varieties, more 
especially those brought from distant countries, we can make 
ill these two cases, and in some but not in all other cases, 
an almost jierfect scries between the extremes of structure. 
Thirdly, those characters which arc mainly distinctive of each 
breed, for instance the wattle and length of beak of the car- 
rier, the shortness of that of the tumbler, and the number of 
tail-feathers in the faiitail, are in each breed eminently variable; 
and the explanation of this fact will be obvious when we come 
to treat of Selection. Fourthly, pigeons have been watched 
and tended with the utmost care, and loved by many people. 
They have been domesticated for thousands of years in several 
quarters of the world ; the earliest known record of jiigeons 
is in the fifth Eg3q>tian dynasty, about 3000 n. c., as was 
pointed out to me by Prof, Lcpsiiis; but IMr. Birch informs 
me that pigeons arc given in a bill of fare in the previous 
d^masty. In the time of the Romans, as we hear from Pliny, 
immense prices were given for pigeons ; “ nay, they are come 
to this pass, that they can reckon up their pedigree and race.” 
Pigeons were much valued hy Akbar Ivlian in India, about 
the year IGOO; never less than 20,000 pigeons were taken 
with the tourt. “ The monarchs of Iran and Turan sent him 
some very rare birds;” and, continues the courtly historian, 
“ his Ma jesty by crossing the breeds, which method was never 
practised before, has improved them astonishingly.” About 
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this siiinc period tlic Diiicb were as eager about pigeons as 
were the old Romans. The paramount importance of these 
eonsiderations in explaining the immense amount of variation 
which pigeons liave undergone, will be obvious wlicn -we treat 
of Selection. We shall then, also, see how it is that tlie 
several breeds so often have a somewhat monstrous character. 
It is also a most favorable circumstance for the production of 
distinct breeds, that male and female pigeons can be easily 
mated for life; and thus difTorent breeds can be kept together 
in the same aviary, 

I have discussed the probable origin of domestic pigeons 
at some, yet quite insufiicient, length ; because wlicn I first 
kept pigeons and watched tlic several kinds, well knowing how 
truly they lirccd, I felt fully as much dilliculty in believing 
that since they had l)cen domesticated they had all proceedecl 
from a common parent, as any naturalist could in coining to 
a similar conclusion in regard to the many species of finches, 
or other groups of birds, in nature. One circumstance has 
struck me much ; namely, that nearly all the breeders of the 
various domestic animals and the cultivators of jdants, with 
whom I have conversed, or whose treatises I have read, arc 
tlrinly convinced that the sevchil breeds to which each has 
attended, arc descended from so many aboriginally distinct 
species. Ask, as I have asked, a celebrated raiser of Here- 
ford cattle, whether his cattle might not have descended from 
Long-horns, or both from a common parent-stock, and he will 
laugh you to scorn. I have never met a pigeon, or ])oultry, 
or duck, or rabbit fancier, who was not fully convinced that 
each main ])rccd was descended from a distinct species. Van 
I\Ions, ill his treatise on pears and ajiples, shows how utterly 
he disbelieves that the several sorts, for instance a Ribston- 
pippin or Codlin-apple, could ever have proceeded from the 
seeds of the same tree. Innumerable other examples could 
be given. The explanation, I think, is simple : from long- 
continued study they arc strongly impressed with the differ- 
eiiccs between the several races ; and though they well know 
that each race varies slightly, for they win their jirizes by 
selecting such slight difTcrenccs, yet they ignore all general 
arguments, and refuse to sum up in their minds slight dilTer- 
enccs accumulated during many successive generations. ^lay 
not those naturalists who, knowing far less of the laws of 
inheritance than docs the breeder, and knowing no more than 
he docs of the intermediate links in the long lines of descent, 
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yet admit that many of oiir ylomcstic races arc descended from 
the same parents — may they not learn a lesson of caution, 
when tliey deride the idea of species in a state of nature being* 
lineal descendants of other species? 

Princqdes of Selection anciently folloiced^ and their J\fccts, 

I..ct us now Iwicfly consider tlic steps l)y wliich domestic 
races have been produced, cither from one or from several 
allied species. Some effect may be attributed to the direct 
and definite action of the external conditions of life, and some 
little to habit; but he would be a bold man who would ac- 
count by such agencies for the difierenccs between a draj^ and 
race horse, a greyhound and bloodhound, a earner and tumbler 
pigeon. One of the most remarkable features in our domesti- 
cated races is that wc sec in them adaptation, not indeed to the 
animal’s or plant’s own good, but to man’s use or fancy. Some 
variations useful to him have probably arisen suddenly, or by 
one step ; many botanists, for instance, believe that tlie fuller’s 
teasel, with its hooks, which cannot be rivalled by any mechan- 
ical contrivance, is only a variety of the wild Dipsacus ; and 
this amount of change may have suddenly arisen in a seedling. 
So it has probably been ^\dth the timi spit-dog ; and this is 
known to have been the case with the ancon sheep. But when 
wc com])arc the dray-horse and race-horse, the dromedary and 
camel, the various breeds of sheep fitted either for cultivated 
land or mountain-pasture, with the wool of one breed good for 
one j^urpose, and that of another breed for another ]:>urpose ; 
when wc compare the many breeds of dogs, eacli good for man 
in very dilFcrcnt ways; when wc compare the game-cock, so 
])ortinacious in battle, with other Iwecils so little quarrelsome, 
with ‘‘ everlasting layers” Avhich never desire to sit, and with 
tlic liaiitam so small and elegant; when wc compare the host 
of agricultural, culinary, orchard, and flower-garden races of 
jflants, most useful to man at different seasons and for difler- 
ent purposes, or so beautiful in his eyes, wc must, I think, 
look further than to mere variability. ^Vc cannot sup]iose 
that all the breeds were suddenly produced as perfect and as 
useful as wc now sec them; indeed, in many cases, wc know 
that this has not been their history. The key is man’s ])Ower 
of accumulative selection: Nature gives successive variations ; 
man adds them up in certain directions useful to him. In this 
sense ho may be said to have made for himself useful breeds. 
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The great power of this principle of selection is not liy- 
])Othctical. It is certain that several of our eminent breeders 
have, even within a single lifetime, modified to a large extent 
the breeds of cattle and sheep. In order fully to realize wliat 
they have done, it is almost necessary to read several of the 
many treatises devoted to tliis subject, and to inspect the ani- 
mals. Breeders habitually speak of an animars organization 
as something quite plastic, which they can model almost as 
they please. If I had space I could quote numerous ]iassagcs 
to this effect from highly-compctcnt authorities. Youatt, who 
was probably better acquainted with tlic works of agricultu- 
rists than almost any other individual, and who was himself a 
very good judge of an animal, speaks of the principle of selec- 
tion as “ that wliich enables the agriculturist, not only to mod- 
ify tlie character of his flock, but to change it altogether. It 
is the magician’s Avand, by means of Avhich he may summon 
into life whatever form and mould he pleases.” Lord Somer- 
ville, speaking of what breeders liaA’C done for sheep, says : 
‘‘ It would seem as if they had clialked out upon a wall a form 
perfect in itself, and then had given it existence.” In Saxony 
the importance of the principle of selection in regard to merino 
sheep is so fully recognized, that men follow it as a trade : the 
sheep are placed on a table and are studied, like a picture by 
a connoisseur ; this is done three times at intervals of months, 
and tiic sheep are each time marked and classed, so that the 
very best may ultimately be selected for breeding. 

AVhat English Iwcedcrs liave actually effected is proved by 
tlic enormous prices given for animals with a good pedigree ; 
and these ha\'e now been exported to almost every quarter of 
the world. The improvement is by no means generally due 
to crossing dilTcrcnt l)rccds; all the best breeders are strongly 
opposed to this jiractice, except sometimes among closely-al- 
lied sub-breeds. And wlien a cross has been made, the closest 
selection is far more indispensable even than in ordinary cases. 
If selection consisted merely in separating some very distinct 
variety, and breeding from it, the ]U‘inciplc would be so obvi- 
ous as Iiardly to be wortli notice; but its importance consists 
in the great cOect jU’oduced by the accumulation in one din'o 
tion, during successive generations, of dilferences absolutely 
inaj)precial)lc I)y an uneducated eye — differences which I for 
one have vainly attempted to appreciate. Not one man in a 
thousand has accuracy of eye and judgment suflicient to be- 
come an eminent breeder. If gifted with these qualities, and 
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lie studies his subject for years, and devotes liis lifetime to it 
with indomitable perseverance, he will succeed, and may make 
g^reat improvements ; if he wants any of these qualities, he will 
assuredly fail. Few would readily believe in the natural ca- 
pacity and years of practice requisite to become even a skilful 
pii^con-fancicr. 

The same principles arc followed by horticulturists ; but the 
variations arc here often more abrupt. No one siq:)poscs that 
our choicest productions have been produced by a single vari- 
ation from the aboriginal stock. AVc have proofs that this is 
not so ill some eases in Avhich exact records have been kcj)t : 
thus, to give a very trifling instance, the steadily-increasing 
size of the common gooseberry may be quoted. ^Ye see an 
astonishing improvement in many florists’ flowers, when the 
flowers of the present day arc compared with drawings made 
only twenty or thirty years ago. YTien a race of plants is 
once pretty well established, the seed-raisers do not pick out 
the best ]flants, but merely go over their seed-beds, and pull 
up the “ rogues,” as they call the plants that dc^date from the 
jiroper standaril. With animals this kind of selection is, in 
fact, also followed ; for hardly any one is so careless as to 
allow his worst animals to breed. 

In regard to plants, there is another means of observing the 
accumulated effects of selection — namely, by comparing the 
diversity of flowers in the different varieties of the same species 
in the flower-garden ; the diversity of leaves, pods, or tubers, 
or Avhatcver ]iart is valued, in the kitchen-garden, in compari- 
son with the flowers of the same varieties; and the diversity 
of fruit of the same species in the orchard, in comparison with 
the leaves and flowers of the same set of varieties. Sec how 
different the leaves of the cabbage are, and how extremely 
alike the flowers ; how unlike the flowers of the hcart’s-easc 
are, and how alike the leaves; how much the fruit of the dif- 
ferent kinds of gooseberries differ in size, color, shape, and 
hairiness, and yet the flowers present very slight differences. 
It is not that the varieties which differ largely in some one 
]ioint do not differ at all in other points ; this is hardl}^ ever — 
I speak after careful observation — pcrliaps never, the case. 
The law of correlated variation, the importance of which should 
never be overlooked, will insure some diflcrcnccs; but, as a 
general rule, I cannot doubt that the continued selection of 
slight variations, cither in the leaves, the flowers, or the fruit, 
will produce races differing from each other chielly in these 
characters. 
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It may be objected that the principle of selection has been 
reduced to methodical practice for scarcely more than three- 
quarters of a century; it has certainly been more attended to 
of late years, and many treatises have been published on the 
subject ; and the result has been, in a corresponding* degree, rapid 
and important. But it is very far from true that the ])rinciple is 
a modern discovery. I could give several references to the full 
acknowledgment of the importance of the principle in works 
of liigh anti([uity. In rude and barbarous periods of Englisli 
history, choice animals were often imported, and laws were 
l)assctl to prevent their exportation : the destruction of horses 
under a certain size was ordered, and this may be comjiarcd 
to tlte “rogning” of plants by nurserymen. The principle of 
selection 1 lind distinctly given in an ancient Chinese cncyclo- 
pjcdia. Explicit rules arc laid down by some of the Bornan 
chissical writers. From ]mssagcs in Genesis, it is clear that 
the color of domestic animals was at that early period attended 
to. Savages now sometimes cross their dogs with wild canine 
animals, to improve the breed, and they formerly did so, as is 
attested by passages in Pliny. The savages in South Africa 
match their draught-cattle by color, as do some of the Esqui- 
maux their tcajns of dogs. Livingstone states that good do- 
mestic breeds arc highly valued by the negi’oes in the interior 
of Africa who have not associated with Europeans. Some of 
these facts do not show actual selection, l)ut they show that 
the breeding of domestic animals was carefully attended to in 
ancient times, and is now attended to by the lowest savages. 
It would, indeed, have been a strange fact, had attention not 
been paid to breeding, for the inheritance of good and bad 
qualities is so obvious. 

Unconscious Selection, 

At the present time, eminent breeders try by methodical 
selection, with a distinct object in view, to make a new strain 
or sul>breed, superior to any Ihing existing in the country. 
ILit, for our purpose, a kind of Selection, which may be called 
Unconscious, and which results from every one trying to pos- 
sess and breed from the best individual animals, is more im- 
])ortant. Thus, a man who intends keej^ing pointers naturally 
tries to get as good dogs as he can, and afterward breeds from 
his own best dogs, but he lias no wish or exj)ectation of per- 
manently altering the breed. Nevertheless, we may infer that 
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this ])rocess, continued during centuries, would improve and 
modify any l)reed, in the same way as Bakcwell, Collins, etc., 
by this verv same process, only carried on more methodically, 
did greatly modify, even during their own lifetimes, the forms 
and qualities of their eattle. Slow and insensible changes of 
this kind could never be recognized unless actual measure- 
ments or careful drawings of the breeds in question had been 
made long ago, which might serve for comjxirison. In some 
cases, however, unchanged or but little changed individuals 
of the same breed may be found in less civilized districts, 
^vllere the breed has been less improved. There is reason to 
believe that King Charles’s spaniel has lx‘en unconsciously 
modified to a large extent since the time of that monarch. 
Some highly-competent authorities arc convinced that the 
setter is directly derived from the spaniel, and has probablj^ 
been slowly altered from it. It is known that the English 
pointer has been greatly changed within the last century, and 
in this case the change has, it is believed, been chiefly eirectcd 
by crosses with the fox-hound; but what concerns us is, that 
the change has been effected unconsciously and gradually, and 
yet so elfectually, that, though the old •Spanish pointer cer- 
tainly came from Spain, Mr. Boitow has not seen, as I am 
informed by him, any native dog in Spain like our pointer. 

By a similar process of selection, and by careful training, 
the whole body of English race-horses have come to surpass 
in flcetness and size the parent Arab stock, so that the latter, 
l^y the regulations for the Goodwood Races, are favored in the 
weights they carry. Lord Sj^cnccr and others have shown 
how the cattle of England have increased in weight and in 
carl}^ maturity, compared with the stock formerly kept in this 
countr}^ By com])ai-ing the accounts given in old pigeon 
treatises of carriers ami tumblers Avith these breeds as uoaa^ 
existing in Britain, India, and Persia, Ave can, I think, clearly 
trace the stages through Avhich they hare insensibly passed, 
and come to differ so greatly from the rock-])igeon. 

Youatt gi\'os an excellent illustration of the effects of a 
course of selection, Avhicli may be considered as unconsciously 
followed, in so far that the breeders could never have expect- 
ed, or even liaA'e Avished, to produce the result Avhich ensued — 
namely, the production of two distinct strains. The Iaa'O flocks 
of Leicester sheep ke])t by ^Ir. Buckley and !Mr. Burgess, as 
Mr. Youatt nanarks, ‘‘ ha\*c been purely bred from the original 
stock of Mr. Bakcwell for upAvard of lift}’’ years. There is not 
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a suspicion existing in the mind of any one at all acciuaintcd 
^vitll the subject, that the owner of either of them lias deviated 
in any one instance from the pure blood of Mr. Bakcwell’s 
flock, and yet the diflfcrcncc between the sheep possessed by 
these two gentlemen is so groat that they have the appear- 
ance of being quite diflerent varieties.” 

If there exist savages so barbarous as never to think of 
the inherited character of the offspring of their domestic ani- 
mals, yet any one animal ])articnlarly useful to them, for any 
special purpose, would be carefully preserved during famines 
and other accidents, to whieh savages are so liable, and such 
clioicc animals would thus generally leave more offspring than 
the inferior ones ; so that in this case there would be a kind ** 
uf imeonscious selection going on. AVe see the value set on 
animals even liy the barbarians of Tierra del Fiiego, by their 
killing and devouring their old women, in times of dearth, as 
of less value than their dogs. 

In plants the same gradual process of improvement, through 
the occasional preservation of the best individuals, whether or 
not sufliciently distinct to be ranked at their first appearance 
as distinct varieties, and whether or not two or more species 
or races have become blended together by crossing, may plainly 
be recognized in the increased size and beauty which we iiov/ 
see in the varieties of the heart’s-ease, rose, pelargonium, 
dahlia, and other plants, when compared v*ith the older varie- 
ties or with their parent-stocks. No one would ever expect 
to get a first-rate heart’s-casc or dahlia from the seed of a wild 
[)lant. No one would expect to raise a first-rate melting pear 
from the seed of the wild pear, though he might succeed from 
a poor seedling growing wild, if it had come from a garden- 
stock. The pear, though cultivated in classical times, appears, 
from Pliny’s description, to have been a fruit of very inferior 
([iiality. I have seen great surprise expressed in horticultural 
works at the wonderful skill of gardeners, in having produced 
such splendid results from such poor materials; but the art 
has been simple, and, as far as the final result is concerned, 
has been followed almost unconsciously. It has consisted in 
always cultivating the best-known variety, sowing its seeds, 
and, when a slight ly-better variety has chanced to appear, 
selecting it, and so onward. But the gardeners of the classi- 
cal period, who cultivated the best j^ear they could ]irocure, 
never thought what splendid fruit we should cat; though we 
owe our excellent fruit, in some small degree, to their having 
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naturally chosen and j}reservcd the best varieties they could 
anywhere find. 

A large amount of change in our cultivated plants, thus 
slowly and unconseiously accumulated, explains, as I believe, 
the well-known fact that, in a number of cases, we cannot 
recognize, and therefore do not know, the vdld parent-stocks 
of the plants which have been longest cultivated in our llower 
and kitchen gardens. If it has taken centuries or thousands 
of years to improve or modify most of our plants up to their 
])resent standard of usefulness to man, we can understand how 
it is that neither Australia, the Cape of Good Hope, nor any 
other region inhabited by quite unciHlized man, has afforded us 
a single plant worth culture. It is not that these countries, so 
rich in species, do not by a strange chance possess the abori- 
ginal stocks of any useful plants, but that the native plants 
liave not been improved by continued selection up to a stand- 
ard of perfection comparable with that given to the plants in 
countries anciently civilized. 

In regard to the domestic animals kept by uncivilized man, 
it should not be overlooked that they almost always have to 
struggle for their own food, at least during certain seasons. 
Aii(l, in two countries very differently circumstanced, individ- 
uals of the same species, having slightly-diffcrent constitutions 
or structure, would often succeed better in tlie one country 
than in the other; and thus by a process of ‘‘natural selec- 
tion,” as will hereafter be more fully explained, two sub-breeds 
might be formed. This, perhaps, partly explains what has 
been remarked by soihe authors, namely, that the varieties 
kej^t by savages have more of tlie charaeter of species than 
tlie varieties kept in eivilized countries. 

On the view here given of the all-important part which 
selection by man has played, it becomes at once obnous how 
it is that our domestic races show adaptation in their stnicture 
or in their hal)its to man’s wants or fancies. We can, I think, 
further understand the frequently-abnormal character of our 
domestic races, and likewise their differences being so great 
in external characters, and relatively so slight in internal parts 
or organs. ^lan can hardly select, or only with much dinieulty, 
any deviation of structure, excejiting such as is cxternall}' vis- 
ible ; and indeed he rarely cares for what is internal. He can 
never act by selection, excepting on variations which are first 
given to him in some slight degree by Nature. No man would 
(*ver try to make a fantail till he saw a pigeon with a tail de- 
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veloped in some slight degree in an unusual manner, or a 
pouter till he saw a pigeon with a erop of somewhat unusual 
size ; and the more abnormal or unusual any character was 
when it first appeared, the more likely it would be to catch his 
attention. But to use such an expression as trj'ing to make 
a fantail, is, I have no doubt, in most cases, utterly incorrect. 
The man who first selected a pigeon with a slightly-larger 
tail, never dreamed what the desceiKhints of that pigeon would 
become through long-continued, partly-unconscious and partly- 
methodical selection. Perhaps the parent-bird of all fantails 
liad only fourteen tail-feathers somewhat expanded, like the 
])resont Java fantail, or like individuals of other and distinct 
l)reeds, in which as many as seventeen tail-feathers have been 
counted. Perhaps the first pouter-pigeon did not inflate its 
crop much more than the turbit now does the upper part of its 
cesophagus—a habit which is disregarded by all fanciers, as it 
is not one of the points of the breed. 

Nor let it be thought that some great deviation of struc- 
ture would be necessary to catch the fancier’s eye : he per- 
ceives extremely-small differences, and it is in human nature to 
value any novelty, however slight, in one’s own jiossession. 
Nor must the value which would formerly be set on any slight 
differences in the individuals of the same species, be judged of 
by the value which would now be set on them, after several 
breeds have once fairly been established. ^lany slight difler- 
ences might, and indeed do now, arise among pigeons, which 
are rejected as faults or deviations from the standard of ]ier- 
fection of each breed. The common goose has not given rise 
to any marked varieties ; hence the Toulouse and the common 
l)reed, which differ only in color, that most fleeting of char- 
acters, have lately been exhibited as distinct at our jioultry- 
shows. 

I think these views explain what has sometimes been 
noticed — namely, that we know nothing about the origin or 
history of any of our domestic breeds, l^ut, in fact, a breed, 
like a dialect of a language, can hardly be said to have a dis- 
tinct origin. A man ])reserves and breeds from an individual 
witli some slight deviation of structure, or takes more care than 
usual in matching Iiis best animals, and thus imj^roves them, 
and the improved animals slowly spread in the immediate 
luughborhood. But as yet they will hardly have a distinct 
name, and, from being only slightly valued, their history will 
be disregarded. Wlum further improved by the same slow 
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and gradual process, tlicy will spread more widely, and will get 
recognized as something distinct and valuable, and will then 
probably first receive a provincial name. In semi-chdlized 
countries, with little free communication, the spreading of a 
new sub-breed would bo a slow process. As soon as the points 
of value in a new strain are once acknowledged, the principle, 
as I have called it, of unconscious selection will always tend — per- 
haps more at one period than at another, as the breed rises or 
falls in fiishion — perhaps more in one district than in another, 
according to the state of civilization of the inhabitants — slowly 
to add to the characteristic features of the breed, whatever 
they may be. But the chance may be infinitely small of any 
record having been preserved of such slow, varying, and insen- 
sible changes. 



Circumstances fad or aUe to 3Fan^s Power of Selection, 

I must now say a few words on the circumstances, favor- 
able, or the reverse, to man’s power of selection. A high de- 
gree of variability is obviously favorable, as freely giving the 
materials for selection to work on ; not that mere individual 
dilTerenccs are not am]dy sufficient, with extreme care, to allow 
of the accumulation of a large amount of modification in almost 
any desired direction. But, as variations manifestly useful or 
pleasing to man appear only occasionally, the chance of their 
appearance will be much increased by a large number of indi- 
viduals being* kept ; and hence tlus comes to be of the highest 
importance to success. On this principle ^larshall formerl^^ 
remarked, with respect to the sheep of parts of Yorkshire, that, 
“ as they generally belong to poor people, and arc mostly In 
small lots^ they never can be improved.” On the other hand, 
nurserymen, from raising large stocks of the same plants, arc 
generall}’^ far more successful than amateurs in getting new 
and valuable varieties. The keeping of a large number of in- 
dividuals of a species in any country requires that the species 
should be ])laccd under favorable conditions of life, so as to 
breed freely in that country. AVhen the indi^dduals of any 
species are scanty, all the individuals, whatever their quality 
may be, will generally be allowed to breed, and this Avill effect- 
ually j)revent selection. But ])robably the most important 
point of all is, that the animal or plant should be so highly 
useful to man, or so much valued by him, that the clo.scst at- 
tention is paid to even the sliglitest deviation in the c|ualities 
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or structure of each iiulivadiiah Unless such attention be paid 
notliin^ can be effected. I have seen it gravely remarked, that 
it vas most fortunate that the strawberry began to vary just 
when gardeners began to attend closely to this })lant. No doubt 
the strawberry had always varied since it was cultiv'ated, but 
the slight varieties had been neglected. As soon, however, 
as gardeners picked out individual ]dants with slightly larger, 
earlier, or better fruit, and raised seedlings from them, and 
again jneked out the best seedlings and bred from them, then, 
there appeared (aided by some crossing with distinct species) 
those many admirable varieties of the strawberry which have 
been raised during the last thirty or forty years. 

In the case of animals with separate sexes, facility in pre- 
venting crosses is an important element of success in the for- 
mation of new races — at least, in a country which is already 
stocked with ‘Other races. In this respect, enclosure of the 
land ])lays a part. Wandering savages or the inhabitants of 
open ])lains rarely possess more than one breed of the same 
species. Pigeons can be mated for life, and this is a great 
convenience to the fancier, for thus many races may be im- 
proved and kept true, though mingled in the same aviary ; and 
this circumstance must have largely favored the formation of 
new breeds. Pigeons, I may add, can be i>ropagated in great 
numbers and at a very quick rate, and inferior birds may be 
ficely rejected, as when killed they serve for food. On the 
other hand, cats, from their nocturnal rambling habits, cannot 
be easily matched, and, although so much valued by women 
and children, we hardly ever see a distinct breed kept up ; such 
breeds as we do sometimes see are almost always imported 
from some other country. Altliough I do not doubt that some 
domestic animals vary less than others, yet the rarity or ab- 
sence of distinct breeds of the cat, the donkey, peacock, goose, 
etc., may be attributed in main part to sch^ction not having 
been brought into 1)1 ay : in cats, from the diniculty in ]miring 
tlnnn : in donkeys, from only a few being kept by ]) 0 or i)Coplc, 
and little attention jiaid to their breeding; for recently, in cer- 
tain parts of Spain and of the United States, this animal has 
been surprisingly modified and inijn-ovcd by careful selection : 
in ])cacocks, from not being very easily reared and a large 
stock not kept: in geese, from Ixang valual)le only for two 
])urposcs, food and feathers, and more especially from no 
pleasure having been felt in the disjday of distinct breeds ; but 
the goose seems to have a singularly inflexible organization. 
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Some iiutliors have maintained that the amount of varia- 
tion in our domestic productions is soon reached, and can 
never afterward be exceeded. It would be somewhat rasli to 
assert that the limit has been attained in an}’ one case; for 
almost all our animals and plants have been greatly improved 
in many ways within a recent ]')criod; and this imjdics varia- 
tion. It would be equally rasli to assert that characters now 
increased to tlieir utmost limit, could not, after remaining fixed 
for many centuries, again vary under new conditions of life. 
No doubt, as Mr. AVallace has remarked with much truth, a 
limit will be at last reached. For instance, there must be a 
limit to the fleetness of any terrestrial animal, as this will be 
determined by the friction to be overcome, the weight of body 
to be carried, and the power of contraction in the muscular 
fibres. But what concerns us is that the domestic varieties 
of the same species differ from each other in almost every 
character, which man has attended to and selected, more than 
do the distinct species of the same genera. Isidore Geollroy 
St.-IIilaire has proved this in regard to size, and so it is with 
color, and probably with the length of hair. With respect to 
fleetncss, which depends on many bodily characteristics. Eclipse 
was far fleeter, and a dray-horse is incomparably stronger, than 
any two equine species. So with plants, the seeds of the dif- 
ferent varieties of the bean or maize differ more in size than 
do the seeds of the distinct species in any one genus of the 
same two families. The same remark holds good in regard 
to the -fruit of the several varieties c/ the plum, and still more 
so with the melon, as well as in endless other analogous cases. 

To sum up on the origin of our domestic races of animals 
and plants. Changed conditions of life arc of the highest im- 
portance in causing variability, both directly by acting on the 
organization, and indirectly by affecting the rcproductiv’c sys- 
tem. It is not probable that variability is an inherent and 
necessary contingent, under all circumstances. The greater 
or less force of inheritance and reversion determine whether 
variations shall endure. Variability is governed by many un- 
known laws, more especially by that of correlation. Some- 
thing maybe attributed to the definite action of the conditions 
of life, but how much, we do not know. Something must bo 
attributed to use and disuse. I'lie final result is thus rendered 
infinitely com])lex. In some cases the intercrossing of abori- 
ginally distinct sjK'cies, has probably played an important part 
in the origin of our domestic l)rceds, \Vhcn several breeds 
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have once been formed in any country, their occasional inter- 
crossing, with tlic aid of selection, has, no doubt, largely aided 
in forming new sul>brecds ; but the importance of crossing 
has been much exaggerated, both in regard to animals and 
to those plants which are propagated by seed. With plants 
which are temporarily propagated by cuttings, buds, etc., the 
importance of crossing is immense ; for the cultivator may 
liere disregard the extreme variability both of hybrids and of 
mongrels, and the frequent sterility of hybrids ; but plants 
not propagated by seed are of little importance to us, for their 
endurance is only temporary. Over all these causes of Change 
the accumulative action of Selection, whether applied method- 
ically and quickly, or unconsciously and slowly, but more efh- 
cicntly, is by far the predominant rower. 
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CHAPTER II. 

VARIATIOX UNDER NATURE. 

Variability— Individual Differences— Doubtftil Species— Wide-rangini?, much dif- 
fused, and Common Species, vary most— Species of the Larger Genera in each 
Country vaiy more frequently than the Species of the Smaller Genera— Many of 
the Species of the Larger Genera resemble Varieties in being very closely, but 
unequally, related to each other, and in having Restricted Ihinges, 

Before applying* tbe principles arrived at in the last chap- 
ter to organic beings in a state of nature, we must briefly dis- 
cuss vvhether these latter are subject to any variation. To 
treat this subject at all properly, a long catalogue of dry facts 
ought to be given; but these I shall reserve for my future 
work. Nor shall I here discuss the various definitions which 
have been given of the term species. No one definition has 
as yet satisfied all naturalists ; yet every naturalist knows 
vaguely what he means when he speaks of a species. Gen- 
erally the term includes the unknown clement of a distinct 
act of creation. The term “variety” is almost equally difficult 
to define ; but here community of descent is almost universally 
implied, though it can rarely be proved. We have also what 
are called monstrosities ; but they graduate into varieties, 
l^y a monstrosity I presume is meant some considerable devia- 
tion of structure, generally injurious to or not useful to the 
species. Some authors use the term “variation” in a techni- 
cal sense, as implying a modification directly due to the physi- 
cal conditions of life ; and “ variations ” in this sense are sup- 
posed not to be inherited : but who can say that the dwarfed 
condition of shells in the brackish waters of the Baltic, or 
dwarfed plants on Alpine summits, or the thicker fur of an 
animal from far northward, would not in some cases be inlicr- 
ited for at least some few generations ? and in this case I 
presume that the form would be called a variety. 

It may be doubted whether sudden and great deviations of 
striicturc sucli as we occasionally sec in our domestic produc- 
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lions, more especially with plants, are ever permanently prop- 
agated in a state of nature. Almost every part of every 
organic being is so beautifully related in its complex conditions 
of life that it seems as improbable that any part should have 
been suddenly produced perfect, as that a complex machine 
should have been invented by man in a perfect state. Under 
domestication monstrosities often occur which resemble noi 
inal structures in widcly-diflerent animals. Thus pigs have 
often been born with a sort of proboscis like that of the tapir 
or elcj)hant. Now, if any wild species of the pig-genus had 
naturally possessed a proboscis, it might have been argued that 
this in like manner had suddenly appeared as a monstrosity ; 
but I have as yet failed to find, after diligent search, cases of 
monstrosities resembling normal structiu*cs in nearly-allied 
forms, and these alone would bear on the question, if mon- 
strous forms of this kind ever do appear in a state of nature 
and arc capable of propagation (which is not always the case), 
as they occur rarely and singly, their preservation would de- 
pend on unusually favorable circumstances. They would, also, 
during the first and succeeding generations cross with the or- 
dinary form, and thus they would almost inevitably lose their 
abnormal character. But I shall have to return in a future 
chapter to the preservation and perpetuation of occasional va- 
riations. 

In dl V idual Dlffercn ces. 

The many slight diflercnces which frequently appear in the 
offspring from the same parents, or which may be presumed to 
have thus arisen, from being frequently observed in the indi- 
viduals of the same species inhabiting the same confined local- 
ity, may be called indi\ddual differences. No one supposes 
that all the indi\dduals of the same species arc cast in the same 
actual mould. These individual differences arc of the highest 
importance for us, for they are often inherited, as must be fa- 
miliar to every one ; and they thus afford materials for natural 
selection to act on and accumulate, in the same manner as man 
accumulates in any given direction individual differences in 
his domesticated jjrodiictions. These individual differences 
generally affect what jiatnralists consider unimportant parts ; 
))ut I could show, by a long catalogue of facts, that parts which 
must be called important, whether viewed under a physiolo- 
gical or classificatory point of view, sometimes vary in the indi- 
viduals of the same species. I am convinced that the most ex- 
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periencod naturalist would be surprised at the number of the 
cases of variability, even in important parts of structure, which 
he could collect on f^ood authority, as I have collected, during 
a course of years. It should be remembered that systematists 
are far from 'being pleased at finding variability in important 
characters, and that there are not many men who will labori- 
ously examine internal and important organs, and compare 
them in many specimens of tlic same species. It would never 
have been expected that the branching of the main nerves close 
to the great central ganglion of an insect would have been 
\'ariable in the same species ; it might have been thought that 
changes of this nature could have been effected only by slow 
degrees ; yet, recently, Sir J. Lubbock has shown a degree of . 
variability in these main nerves in Coccus, which may almost 
be compared to the irregular branching of the stem of a tree. 
This philosophical naturalist, I may add, has also recently 
shown that the muscles in the lar^\u of certain insects arc far 
from uniform. Authors sometimes argue in a circle when they 
state that important organs never vary ; for these same authors 
practically rank those parts as important (as some few natu- 
ralists have honestly confessed), which do notvary ; and, under 
this point of view, no instance will ever be found of an impor- 
tant part var}dng: but under any other point of view many 
instances assuredly can be given. 

There is one point connected with individual differences, 
Avhich is extremely perplexing : I refer to those genera which 
have been called “ protean ” or “ polymorphic,” in which the 
s])ccies ])rescnt an inordinate amount of variation ; and about 
which hardly two naturalists agree whether to rank them as 
s]>ecics or as varieties. We may instance Rubus, Rosa, and 
Ilieracium among plants, several genera of insects, several gen- 
era of Brachiopod shells, and the Ruff (]\Iachctes pugnax) 
among birds. In most pol}unorphic genera some of the species 
have fixed and definite cliaracters. Genera which are poly- 
morphic in one country seem to be, with some few exceptions, 
polymorphic in other countries, and likewise, judging from 
Brachiopod shells, at former periods of time. These facts arc 
very perplexing, for they seem to show that this kind of varia- 
bility is independent of the conditions of life. I am inclined 
to suspect that we have, at least in some of these polymorphic 
genera, variations which are of no service or disservice to the 
species, and which, consequently, have not been seized on and 
rendered definite by natural selection, as hereafter to l)e ex- 
j)laincd. 
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Individuals of the same species often present ^reat differ- 
ences of structure, as in the two sexes of various animals, in the 
two or three castes of sterile females or workers among insects, 
and in the immature and larval states of many of the lower ani- 
mals. There are, however, other cases, namely, of diinorjdiism 
and trimorphism, which might easily be, and have frequently 
been, confounded with varial)ility, but which are quite distinct. 
I refer to the two or three different forms which certain animals 
of either sex, and certain hermaphrodite plants, habitually pre- 
sent. Thus, Mr. Wallace, who has lately called special atten- 
tion to the subject, has shown that the females of certain spe- 
cies of butterllies, in the Malayan archipelago, regularly aj)- 
pear under two or even three conspicuously distinct forms, not 
connected together by intermediate varieties. The winged and 
frequently \vnngless states of so many Hemipterous insects may 
probably be included as a case of dimoqdiism, and not of mere 
variability. Fritz Muller, also, has recently described analo- 
gous but more extraordinary cases with the males of certain 
Brazilian Crustaceans : thus, the male of a Tanais regularly 
occurs under two widely-different forms, not connected by any 
intermediate links ; one of these forms has much stronger and 
differently-shaped pincers for seizing the female, and the other, 
as if for compensation, has anlennm much more abundantly 
furnished with smelhng-hairs, so as to have a better chance of 
finding the female. Again, the males of another Crustacean, 
an Orchestia, occur under two distinct forms, with pincers dif- 
fering much more from each other in structure, than do the 
pincers of most species of the same genus. With respect to 
plants, I have recently shown that in several widely-distinct 
orders, the species present two or even three forms, which arc 
abruptly distinguished from each other in several important 
jioints, as in the size and color of the pollen-grains ; and these 
forms, though all hermaphrodites, differ from each other in 
their reproductive power, so that for full fertility, or indeed in 
some cases for any fertility, they must reciprocally impregnate 
each other. Although the forms of the few dimorphic and tri- 
morphic animals and ]dants which have been studied, are not 
now connected together by intermediate links, it is ]irobable 
that this will be found to occur in other cases ; for ^Ir. Whillaci^ 
obscr\"cd a certain butterfly which presented in the same island 
a great range of varieties connected by intermediate links, and 
the extreme links of the chain closely resembled the two forms 
of an allied dimorphic species inhabiting another part of the 
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Malay archipclai^o. Tims also with ants, the several worker^ 
castes are f^encrally quite distinct ; but in some cases, as we 
shall hereafter see, the castes arc connected together by gradu- 
ated varieties. It certainly at first appears a highly-rcmark- 
ablc fact that the same female butterfly should have the power 
of producing at the same time tliree distinct female forms and 
a male ; that a male Crustacean should generate two male 
forms and a female form, all widely diflerent from each other ; 
and that an hermaphrodite plant should produce from the same 
seed-capsule three distinct hcrmaplirodite forms, bearing three 
diflerent lands of females and three or even six different kinds 
of males. Nevertheless these cases are only exaggerations of 
the universal fact that every female produces males and females, 
which in some instances differ in a wonderful manner from each 
other. 

Doubtful Sjyecles^ 

The forms which possess in some considerable degree the 
character of species, but which arc so closely similar to other 
forms, or are so closely linked to them by intermediate grada- 
tions, that naturalists do not like to rank them as distinct 
si)ccies, are in several respects the most important for us. We 
have every reason to believe that many of tliese doubtful and 
closely-allied forms have permanently retained their characters 
in their ovti country for a long time ; for as long, as far as we 
know, as have good and true species. Practically, when a 
naturalist can unite two forms together by othej*s having inter- 
mediate characters, he treats the one as a variety of the other, 
ranking the most common, but sometimes the one first de- 
scribed, as the species, and the other as the variety. But 
cases of great difliculty, which I will not here enumerate, 
sometimes occur in deciding whether or not to rank one form 
as a variety of another, even when they are closely connected 
by intermediate links ; nor will the commonly-assumed hybrid 
nature of the intermediate links alwaj’s remove the difficulty. 
In very many cases, however, one form is ranked as a variety 
of another, not because the intermediate links have actually 
been found, but because analogy leads the observer to sujipose 
either that they do now somewhere exist, or may formerly 
have existed ; and here a wide door for the entry of doubt and 
conjecture is opened. 

Hence, in determining whether a form should be ranked as 
a species or a variety, the opinion of naturalists having sound 
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judgment and wide experience seems the only guide to follow. 
\Vo must, however, in many cases, decide by a majority of 
naturalists, for few well-marked and well-known varieties can 
be named which have not been ranked as species b}’- at least 
some competent judges. 

That varieties of this doubtful nature are far from uncom- 
mon cannot be disputed. Compare the several floras of Great 
13ritain, of France, or of the United States, drawn up by dif- 
ferent botanists, and sec what a surprising number of forms 
have been ranked by one botanist as good species, and by an- 
other as mere varieties. ^Ir. II. C. ^Vatson, to whom I lie 
under dee}i obligation for assistance of all kinds, has marked 
for me IS.'-i British plants, which arc generally considered as 
varieties, but whicli have all been ranked by botanists as spe- 
cies; and in making this list he has omitted many trilling varie- 
ties, bnt M Inch nevertheless have been ranked by some bota- 
nists as species, and he has entirely omitted several highly-pol}"- 
morphic genera. Under genera, including the most polymor- 
phic forms, Mr. Babington gives ^^51 species, whereas ^Ir. 
Jientham gives only 112 — a dillcrencc of 130 doubtful forms! 
Among animals which unite for each birth, and which arc 
highly locomotive, doubtful forms, ranked by one zoologist as 
a species and by another as a variety, can rarely be found 
within the same country, but arc common in separated areas. 
Plow many of those birds and insects in North America and 
Europe, which differ very slightly from each other, have been 
ranked by one eminent naturalist as undoubted species, and by 
another as varieties, or, as they arc often called, as geographical 
races 1 Mr. Wallace, in several valuable papers on the various 
animals, espcciallj" on the Lepidoptera, inhabiting the islands of 
the great Malayan archipelago, shows that tlicy maybe classed 
under four heads, namely, as variable forms, as local forms, 
as geographical races or sub-species, and as true representative 
species. The first or variable forms vary much within the 
limits of the same island. The local forms are moderately 
constant and distinct in crich separate island; but when all 
the forms from the several islands arc compared, the diOer- 
cnces are seen to be so slight and graduated, that it is impos- 
sible to define or deserilic tliem, though at the same time the 
extreme forms are sufliciently distinct. The geographical 
races or sulvspceies are local forms coinjiletcly fixed and iso- 
lated ; but as they do not differ from each other by strongly- 
marked and imjKjrtant characters, “ there is no possible test but 
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inclivicUial opinion to determine which of them shall be consid- 
ered as species and which as varieties.” Lastly, representa- 
tive species fill the same ])lace in the natural economy of each 
island as do the local forms and siib-spccics ; but, as they arc 
distinp^iiishcd from each other by a greater amount of difTer- 
cnce than that between the local forms and sub-species, they 
are almost universall}^ ranked by naturalists as true species. 
Nevertheless, no certain criterion can possibly be given by 
which variable forms, local forms, sub-s]iccics, and re])rcscnta- 
tivc species can be recognized. 

!Many years ago, when comparing, and seeing others com- 
pare, the birds from the closely-neighboring islands of the 
Galapagos archipelago, both one with another, and with those 
from the American main-land, I was much struck how entirely 
vague and arbitrary is the distinction between species and 
varieties. On the islets of the little Madeira group there are 
many insects which arc characterized as varieties in ^Ir, Wol- 
laston’s admirable work, but which would certainly be ranked 
as distinct species by many entomologists. Even Ireland has 
a few animals, now generally regarded as varieties, but which 
have been ranked as species by some zoologists. Several 
experienced ornithologists consider our British red grouse as 
only a strongly-marked race of a Norwegian species, whereas 
the greater number rank it as an undoubted species peculiar 
to Great Britain. A wide distance between the homes of two 
doubtful forms leads many naturalists to rank them as distinct 
species ; but what distance, it has been well asked, will suf- 
fice ; if that between America and Europe is ample, will that 
between Europe and the Azores, or ISIadeira, or the Canaries, 
or between the several islets of these small archipelagos, be 
sulficicnt ? 

Mr. B. D. Walsh, a distinguished entomologist of the United 
States, has lately described what he calls Phytojdiagic varieties 
and Phytophagic species. 3Iost vegetable-feeding insects live 
on one kind of plant or on one group of plants ; some feed in- 
discriminately on many kinds, but do not in consequence vary. 
In several oases, however, insects found linng on diflerent 
plants have been observed by jMr. Walsh to present, cither ex- 
clusively in their larval or mature state, or in both states, 
slight though constant differences in color, size, or in the nature 
of their secretions. In some instances the males alone, in other 
instances both males and females, have been obsciwcd to be 
thus affected in a slight degree. AVhen the differences arc 
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rather more strongly marked, and when both sexes and all ages 
arc alTccted, the forms wonld be ranked by all entomologists as 
species. But no observer can determine for others, even if he 
can do so for himself, which of these Pliytophagic forms ought 
to be called species and which varieties. ^Ir. ^Valsh ranks the 
forms which it may be supposed would freely intercross together, 
as varieties ; and those which appear to have lost this ])ower, 
as species. As the dilFcrences depend on the insects having 
long fed on distinct ]dants, it cannot be expected that inter- 
mediate links connecting the several forms should now be 
found. The naturalist thus loses his best guide in determining 
whether to rank such doubtful forms as varieties or sjDccies. 
This likewise necessarily occurs with closely-allied organisms, 
which inhabit distinct continents or islands. AVhen, on the 
other hand, an animal or plant ranges over the same continent, 
or inhabits many islands in the same archipelago, and presents 
different forms in the different areas, there is always a good 
chance that intermediate forms may be discovered which sliall 
link together the extreme states; and these are then degraded 
to the rank of varieties. 

Some few naturalists maintain that animals never present 
varieties; but then these same naturalists rank the slightest 
differences as of specific value; and when the same identical 
fonn is met with in two distant countries, or in two geological 
formations, they believe that two distinct species are hidden 
under the same dress. Tlic term species thus comes to be a 
mere useless mental abstraction, implying and assuming a sepa 
rate act of creation. It is certain that many forms, considered 
])y highly-compctent judges as varieties, so completely resemble 
species in character, that they have been thus ranked by other 
highly-compctent judges. But to discuss whether they ought 
to l)c called species or varieties, before any definition of these 
terms has l:>ccn generally accepted, is vainly to beat the air. 

Many of the cases of slrongly-marked varieties or doul)tful 
species well deserve consideration ; for several interesting lines 
of argument, from geographical distribution, analogical varia- 
tion, hybridism, etc., have been brought to bear on the attempt 
to determine their rank ; but space docs not here ])crinit me 
to discuss tlicm. Close investigation, in many cases, will bring 
naturalists to an agreement how to rank doubtful forms. Yet 
it must be confessed that it is in tlic best-known countries that 
we find the greatest luunlier of forms of doubtful value. I 
have been struck with the fact that, if any animal or plant in a 
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state of nature be Inglily useful to man, or from any cause 
closely attract his attention, varieties of it will almost univer- 
sally be found recorded. These varieties, moreover, will often 
be ranked by some authors as species. Look at the common 
oak, how closely it lias been studied; yet a German author 
makes more than a dozen species out of forms, which arc almost 
universally considered as varieties ; and in this country the 
highest botanical authorities and practical men can be quoted 
to show that the sessile and pedunculated oaks are either good 
and distinct sj^ccies or mere varieties. 

I may here allude to a remarkable memoir lately published 
by A. dc Candolle, on the oaks of the whole world. No one 
ever had more ample materials for the discrimination of the 
species, or could have worked on them with more zeal and 
sagacity, lie first gives in detail all the many points of struc- 
ture which vary in the species, and estimates numerically the 
relative frequency of the variations. He specifics above a 
dozen characters Avliicli may be found varying even on the same 
branch, somctiincs according to age or development, sometimes 
without any assignable reason. Such characters of course arc 
not of specific value, but they are, as Asa Gray has remarked 
in commenting on this memoir, such as generally enter into 
specific definitions. De Candolle then goes on to say that he 
gives the rank of species to the forms that differ by characters 
never varying on the same tree, and never found connected by 
intermediate states. After this discussion, the result of so 
imicli labor, ho emphatically remarks : “ They arc mistaken, 
who repeat that the greater part of our species arc clearly 
limited, and that the doubtful species are in a feeble minority. 
This seemed to be true, so long as a genus was imperfectly 
known, and its species were founded upon a few specimens, 
that is to say, were provisional. Just as we come to know 
them better, intermediate forms flow in, and doubts as to spe- 
cific limits augment.” He also adds that it is the best-known 
s])ccics which present the greatest number of spontaneous 
varieties and sub- varieties. Thus . Qucrcus robur has twenty- 

eight varieties, all of which, excepting six, arc clustered round 
three sub-species, namely, Q. pedunculata, sessilitlora, and 
pubcscens. Jdio forms which connect these three sulvspccics 
arc comparatively rare ; and, as Asa Gray remarks, if these 
connecting forms, which arc now rare, were lo become wholly 
extinct, the three sul>spccics would hold exactly the same 
relation to each other, as do the four or five provisionally- 
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admitted species whieh closely surround the typical Qiicnnis 
robur. Finally, De Candolle admits that, out of the three hun- 
dred species, which will be enumerated in his Prodronuis as 
belonging to the oak family, at least two-thirds are provisional 
species, that is, are not known strictly to fulfil the definition 
above given of a true species. For it should be added that Do 
Candolle no longer believes that species are immutable crea- 
tions, but concludes that the derivative theory of the succession 
of forms is the most natural one, “ and the most accordant with 
tlie known facts in paleontology, geographical botany and zo- 
ology, of anatomical structure and classification ; ” but, he adds, 
direct proof is still wanting. 

AV^’licn a young naturalist commences the study of a group 
of organisms quite unknown to him, lie is at first much per- 
plexed to determine what ditferences to consider as specific, and 
what as varietal ; for he knows nothing of the amount and 
kind of variation to which the group is subject ; and this shows, 
at least, how very generally there is some variation. But if he 
confine his attention to one class within one country, he will 
soon make up his mind how to rank most of the doubtful forms. 
His general tendency will be to make many species, for he Avill 
become impressed, just like the pigeon or poultry fancier before 
alluded to, with the amount of diflercncc in the forms which he 
is continually studying; and he has little general knowledge 
of analogical variation in other groups and in other countries, 
by which to correct his first im])ressions. As he extends the 
range of his observations, he will meet with more cases of difli- 
ciilty ; for he will encounter a greater number of closely-allied 
fonns. But if his observations be widely extended, he will in 
the end generally be enabled to make up his own mind which 
lo call varieties and which species ; but he will succeed in this 
at the expense of admitting much variation — and the truth of 
this admission will often be disputed by other naturalists. 
AVhen, nioreovcr, he comes to study allied forms brought from 
countries not now continuous, in wliich case he cannot hope to 
find the intermediate links between his doubtful forms, he will 
have to trust almost entirely to analogy, and his dilliculties rise 
to a climax. 

Certainly no clear line of demarcation has as yet been drawn 
between species and sub-sjiecies — that is, the forms which iu 
the ojiinion of some naturalists come very near to, but do not 
quite arrive at, the rank of species: or, again, between siil>- 
specics and well-marked varieties, or between lesser varieties and 
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individual dilTerenccs. Tlicse diflcrcnccs blend into each other 
in an insensible scries; and a series impresses the mind with 
the idea of an actual passage. 

Hence, I look at individual diflerences, though of small 
interest to the systematist, as of the highest importance for 
us, as being the first steps toward such slight varieties as are 
barely thought worth recording in works on natural history. 
And 1 look at varieties which arc in any degree more distinct 
and permanent, as steps toward more strongly-marked and 
permanent varieties ; and at the latter, as leading to sub- 
species or species. The passages from one stage of difference 
to another may, in some cases, be the simple result of the 
long-continued action of different physical conditions ; but in 
most cases they may be attributed to the gradual accumulative 
’action of natural selection, as hereafter to be more fully ex- 
plained, on fluctuating variability. • Hence a well-marked 
variety may be called an incipient species ; but whether this 
belief is justifiable must be judged of by the general weight 
of the facts and considerations given throughout this work. 

It need not be supposed that all varieties or incipient spe- 
cies necessarily attain the rank of species. They may become 
extinct, or they may endure as varieties for very long periods, 
as lias been shown to be the case by Mr. Wollaston with the 
varieties of certain fossil land-shells in Madeira, and with plants 
by Gaston dc Saporta. If a variety were to flourish so as to 
exceed in numbers the parent-species, it would then rank as 
the species, and the species as the variety; or it might come 
to supplant and exterminate the parent-species ; or both might 
coexist, and both rank as indejicndcnt species. But we sliall 
hereafter return to this subject. 

From these remarks it will be seen that I look at the term 
species as one arbitrarily given, for the sake of convenience, 
to a set of individuals closely resembling each other, and that 
it docs not essentially differ from the term variety, which is 
given to less distinct and more fluctuating forms. The term 
variety, again, in comparison with mere individual differences, 
is also applied arbitrarily", and for mere convenience’ sake. 



'Wldc-Ta)}(jinfi^ much<J[f'used^ and Common Species^ vary 

most. 

Guided by theoretical considerations, I thought that some 
interesting results might be obtained in regard to the nature 
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and relations of the species which vary most, by tabulating 
all the varieties in several well-worked floras. At first this 
seemed a simple task; but Mr, H. C. AVatson, to whom I am 
much indebted for valuable advice and assistance on this sub- 
ject, soon convinced me that there were many difficulties, as 
did subsequently Dr. Hooker, even in stronger tenns. I shall 
reserve -for my future work the discussion of these difficulties, 
and the tables themselves of the proportional numbers of the 
var^dng species. Dr. Hooker permits me to add that, after 
having carefully read my manuscript, and examined the tables, 
he thinks that the following statements are fairly well estab- 
lished. The whole subject, however, treated as it necessarily 
here is with much brevity, is rather perplexing, and allusions 
cannot be avoided to the “struggle for existence,” “divergence 
of character,” and other questions, hereafter to be discussed. 

Aljihonse de Candolle and others have shown that plants 
which have very wide ranges generally present varieties ; and 
this might have been expected, as they become exposed to 
diverse physical conditions, and as they come into competition 
(which, as we shall hereafter see, is an equally or more im- 
portant circumstance, with different sets of organic beings. But 
my tables further show that, in any limited country, the species 
which arc most common, that is, abound most in individuals, 
and the species which arc most widely diffused within tlieir 
own country (and this is a different consideration from 'wide 
range, and to a certain extent from commonness) oftencst give 
rise to varieties sufficiently well marked to have been recorded 
in botanical works. Hence it is the most flourishing, or, as 
they may be called the dominant species — those which range 
widel}^, are the most diffused in their own country, and arc the 
most numerous in individuals — which oftencst produce well- 
marked varieties, or, as I consider them, incipient species. 
And this, perhaps, might have been anticipated ; for, as varie- 
ties, in order to become in any degree permanent, necessarily 
have to struggle with the other inhabitants of the country, 
the species which arc already dominant will be the most likely 
to yield offspring, which, though in some slight degree modi- 
fied, still inherit those advantages that enabled their parents to 
become dominant over their compatriots. In these remarks 
on predominance, it should be understood that reference is 
made only to those forms which come into competition with 
each other, and more especially to the members of the same 
genus or class having nearly similar halhts of life. AVitli rc- 
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spcct to commonness or the number of individuals of any spe- 
cies, the comparison, of course, relates only to the members of 
tlie same group. A plant may be said to be dominant if it 
be more numerous in individuals and more widely diffused than 
the other plants of the same country, not living under widcly- 
(liffercnt conditions of life. Such a plant is not the less domi- 
nant in the sense here used, because some conferva inhabiting 
the water or some parasitic fungus is infinitely more numerous 
in indivaduals, and more widely diffused ; if one kind of conferva 
or ]:>arasitic fungus exceeded its allies in the above respects, 
it would be a dominant form %vithin its own class. 

S2->ecics of the Larger Genera in each Coiintrg vary more 
frequently than the Sqyeeies of the Smaller Genera, 

If the plants inliabiting a country and described in any 
Flora be divided into two equal masses, all those in the larger 
gemera (i. e., those including many species) being placed on 
one side, and all those in the smaller genera on the other side, 
a somewhat larger number of the very common and miieh-dif- 
fused or dominant species will be found on the side of the 
larger genera. This, again, might have been anticipated ; for 
the mere fact of many species of the same genus inhabiting any 
country, shows that there is something in the organic or inor- 
ganic conditions of that country favorable to the genus ; and, 
consequently, we might have expected to have found in the 
larger genera, or those including many species, a large propor- 
tional number of dominant species. But so many causes tend 
to obscure this result, that I am surprised that my tables show 
even a small majority on the side of the larger genera. I will 
here allude to only two causes of obscurity. Fresh-water and 
salt-loving plants have generally very unde ranges and arc 
much diffused, but this seems to be connected with the nature 
of the stations inhabited by them, and has little or no relation 
to the size of the genera to which the species belong. Again, 
plants low in the scale of organization arc generally much 
more widely diQ'used than plants higher in the scale ; and here, 
again, there is no close relation to the size of the genera. Idic 
cause of lowly-organized plants ranging widely will be discussed 
in our chapter on Geogi’aphical Distribution. 

From looking at species as only strongly-marked and well- 
defined varieties, I was led to anticipate that the species of the 
larger genera in each country" would oftener present varieties. 
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than the species of the smaller genera ; for wherever many 
closely-related species (i. e., species of the same genus) have 
been formed, many varieties or incipient species ought, as a 
general rule, to be now forming. Where many large trees 
grow, we expect to find saplings. Where many species of a 
genus have been formed through variation, circumstances have 
been favorable for variation ; and hence we might ex]icct that 
the circumstances would generally be still favorable to varia- 
tion. On the other hand, if we look at each species as a special 
act of creation, there is no apparent reason why more varieties 
should occur in a group having many species, than in one 
having few. 

To test the truth of this anticipation, I have arranged the 
jfiants of twelve countries, and the coleopterous insects of two 
districts, into two nearly equal masses, the species of the 
larger genera on one side, and those of the smaller gCnera on 
the other side, and it has invariably proved to be the case that 
a larger proportion of Ihe species on the side of the larger 
genera presented varieties, than on the side of the smaller 
genera, ^Moreover, the species of the large genera ’which pre- 
sent any varieties, invariably present a larger average number 
of varieties than do the species of the small genera. IBoth these 
results follow vdien another division is made, and when all the 
least genera, with from only one to four species, are absolutely 
excluded from the tables. These facts are of plain significa- 
tion on the view that species are only strongly-marked and 
permanent varieties ; for wherever many species of the same 
genus have been formed, or where, if we may use the expres- 
sion, the manufactor}^ of species has been active, we ought 
generally to find the manufactory still in action, more espe- 
cially as we have every reason to believe the process of manu- 
facturing new species to be a slow one. And this certainly 
is the case, if varieties be looked at as incipient s]3ecies ; for 
my tables clearly show as a general rule that, wherever many 
species of a genus have been formed, the species of that genus 
])resent a number of varieties, that is, of incipient species, be- 
yond the average. It is not that all large genera are now 
varying much, and are thus increasing in the number of their 
species, or that no small genera are now var^fing and increas- 
ing; for if this had been so, it would have been fatal to my 
theory; inasmuch as geology plaiidy tells us that small genera 
have in the lapse of time often increased greatly in size; and 
that large genera have often come to their maxima, declined. 
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and di 3 a]ipcarcd. All that wc want to show is, that, where 
many species of a genus have been formed, on an average 
many arc still forming ; and this certainly holds good. 

2fa)vj of the Species included within the Larger Genera re- 
semble Varieties in being very closely^ but unequally^ related 

to each other ^ and in having llestrlcted Ranges. 

There are other relations between the species of large gen- 
era and their recorded varieties which deserve notice, ^ye 
have seen tliat there is no infallible criterion by which to dis- 
tinguish species and well-marked varieties ; and in those cases 
in which intermediate links have not been found between 
doubtful forms, naturalists arc compelled to come to a deter- 
mination by the amount of difference between them, judging by 
analogy whether or not the amount suffices to raise one or both 
to the rank of species. Hence the amount of difference is one 
very important criterion in setthug whether two forms should be 
ranked as species or varieties. Now Fries has remarked in 
regard to plants, and Westwood in regard to insects, that in 
large genera the amount of difference between the si^ecics is 
often exceedingly small. I have endeavored to test this nu- 
merically by averages, and, as far as my imperfect results go, 
they confirm the view. I have also consulted some sagacious 
and experienced observers, and, after dehberation, they concur 
in this view. In this respect, therefore, the species of the 
larger genera resemble varieties, more than do the species of 
the smaller genera. Or the case may be put in another way, 
and it may be said that in the larger genera, in which a num- 
ber of varieties or incipient species greater than the average 
are now manufacturing, many of the species already manufac- 
tured still to a certain extent resemble varieties, for they differ 
from each other by less than the usual amount of difference. 

^Moreover, the species of the large genera arc related to 
each other, in the same manner as the varieties of any one 
species arc related to each other. No naturalist pretends that 
all the species of a genus arc equally distinct from each other ; 
they may generally be divided into sub-genera, or sections, or 
lesser groups. As Fries has well remarked, little groups of 
species arc generally clustered like satellites around certain 
other species. And what are varieties but groups of forms, 
unequally related to each other, and clustered round certain 
forms — that is, round their parent-species ? Undoubtedly there 
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is one most important point of dilfcrcncc between varieties and 
species ; namely, that the amount of dillerencc between varieties, 
wlien eompared with each other or with tlieir parent-species, is 
much less than that between the species of tlie same genus. But 
when we come to discuss the principle, as I call it, of Diver- 
gence of Character, we shall see how this may be explained, 
and how the lesser dilfercnccs between varieties tend to in- 
crease into the greater dilferences between species. 

There is one other point which is worth notice. Varieties 
genenilly have much-restricted ranges : this statement is in- 
deed scarcely more than a truism, for, if a variety were found 
to have a wider range than that of its supposed parent-species, 
tiieir denominations would be reversed. But there is also 
reason to believe that those species which arc very closely 
allied to other species, and in so far resemble varieties, often 
have much-restricted ranges. For instance, Mr. II. C. Watson 
has marked for me, in the well-sifted London Catalogue of 
])lants (fourth edition), G3 plants which are therein ranked as 
species, but which he considers as so closely allied to other 
s]iccics as to be of doubtful value : these G3 reputed species 
range on an average over G.9 of the provinces into which Mr. 
Watson has dmded Great Britain. Now, in this same cata- 
logue, 53 acknowledged varieties are recorded, and these range 
over 7.7 provinces ; whereas, the species to which these vari- 
eties belong range over 14.3 provinces. So that the acknowl- 
edged varieties have very nearly the same restricted average 
range as have those very closely allied forms, marked for me 
by Mr. Watson as doubtful species, but wliich are almost uni- 
versally ranked by British botanists as good and true s])ccies. 

Summary. 

Finally, then, varieties cannot be distinguished from species 
— except, iirst, by the discovery of intermediate linking forms; 
and, secondly, by a certain inderuiitc amount of difTercnce be- 
tween them ; for two forms, if dilTering very little, arc gener- 
ally ranked as varieties, notwithstanding that they cannot be 
closely connected ; but the amount of dinerence considered 
necessary to give to any two forms the rank of species cannot 
be denned. In genera having more than the average number 
of species in any country, the species of these genera have 
more than the average number of varieties. In large genera 
the species are apt to be closely, but unequally, allied together. 
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forming liltle dusters round certain other species. Species 
very closely allied to other species apparently have restricted 
ranges. ]ii all these several respects the si^ccies of large genera 
present a strong analogy Avith varieties. And avc can clearly 
understand these analogies, if species once existed as varieties, 
and thus originated ; ^vhereas, tliese analogies are utterly in- 
explicable if species are independent creations. 

We have, also, seen that it is the most nourishing or dom- 
inant s])eeies of the larger genera 'within each class which on 
an average yield the greatest number of varieties ; and varie- 
ties, as we shall hereafter see, tend to become converted into 
new and distinct species. Thus the larger genera tend to be- 
come larger ; and throughout Nature the forms of life which 
are now dominant tend to become still more dominant by leav- 
ing many modified and dominant descendants. But by steps 
hereafter to be explained, the larger genera also tend to break 
up into smaller genera. And thus, the forms of life through- 
out the universe become divided into groups subordinate to 
groups. 
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CHAPTER III. 

STRUGGLE FOR EXISTENCE. 

Ita bearing on Natural Selection — The Term used in a wide Sense — Geometrical Ratio 
of Increase — Ilapld Increase of Naturalized Animals and Plants — Nature of the 
Checks to Increase— Competition universal— Eflects of Climate— Protection from 
the N limber of Individuals— Complex Relations of all Animals and Plants through- 
out Nature— Struggle for Life most severe between Individuals and Varieties of 
the sanie.Species: often severe between Species of the same Genus— The Rela- 
tion of Organism to Organism the most important of all Relations. 

Before entering on the subject of tins chapter, I must 
make a few preliminary remarks, to show how the struggle for 
existence bears on Natural Seleetion. It has been seen in the 
last chapter that among organic beings in a state of nature 
tlierc is some individual variability : indeed, I am not aware 
that this lias ever been disputed. It is immaterial for us 
whether a multitude of doubtful forms be called species or 
siib-species or varieties ; what rank, for instance, the two or 
three hundred doubtful forms of British plants arc entitled to 
hold, if the existence of any well-marked varieties be admitted. 
But the mere existence of individual variability and of some 
few well-marked varieties, though necessary as the foundation 
for the work, helps us but little in understanding how species 
arise in Nature. How have all those exquisite adaptations of 
one part of the organization to another part, and to the condi- 
tions of life, and of one organic being to another being, been 
perfected ? We see these beautiful coadaptations most ]ilain- 
ly in the woodpecker and the mistletoe ; and only a little less 
plainly in the humblest parasite which clings to the hairs of a 
quadruped or feathers of a bird; in the structure of the beetle 
which dives through the water ; in the plumed seed whicli is 
wafted by the gentlest breeze ; in short, we see beautiful 
adaptations everywhere and in every part of tlie organic 
world. 

Again, it may be asked, how is it tliat varieties, which I 
have called incipient species, become ultimately converted into 
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good and distinct species, which in most cases obvious!}" difler 
Irom each otiicr far more than do tlie varieties of the same 
species? How do those groups of species, which constitute 
what arc called distinct genera, and which differ from each 
other more than do the species of the same genus, arise ? All 
these results, as we shall more fully see in the next chapter, 
follow from the struggle for life. Owing to this struggle, 
variations, however slight, and from whatever cause proceed- 
ing, if they be in any degree profitable to the individuals of a 
species, in their infinitely complex relations to other organic 
beings and to their physical conditions of life, will tend to the 
preservation of such individuals, and will generally be inherited 
by the offspring. The offspring, also, will thus have a better 
chance of surviving, for, of the many individuals of any species 
which are periodically born, but a small number can siu:\fivc. 
I have called this principle, by which each slight variation, if 
useful, is preserved, by the term Natural Selection, in order to 
mark its relation to man’s power of selection. But the expres- 
sion often used by Mr. Herbert Spencer of the Survival of the 
Fittest is more accurate, and is sometimes equall}’- convenient. 
AFe have seen that man by selection can certainly produce 
great results, and can adapt organic beings to his own uses, 
through the accumidation of slight but useful variations, given 
to him by the hand of Nature. But Natural Selection, as we 
shall hereafter see, is a power incessantly ready for action, and 
is as immeasurably superior to man’s feeble efforts as the 
vrorks of Nature are to those of Art. 

AVe will now discuss in a little more detail the struggle for 
existence. In my future work this subject will be treated, as 
it M"cll deserves, at greater length. The elder Dc Candolle 
and Lycll have largely and philosophically shown that all 
organic beings are exposed to severe competition. In regard 
to plants, no one has treated this subject Avith more spirit and 
ability than AV. Herbert, Dean of Aranchestcr, evidently the 
result of his great horticultural knowledge. Nothing is easier 
than to admit in words the truth of the universal struggle for 
life, or more difficult — at least I have found it so — than con- 
stantly to bear this conclusion in mind. Yet unless it be 
thoroughly engrained in the mind, the whole economy of 
Nature, with every fact on distribution, rarity, abundance, ex- 
tinction, and variation, will be dimly seen or quite misunder- 
stood. AA^c behold the face of Nature bright with gladness, 
we often see superabundance of food ; we do not see, or we 



CUAP. 111 . 



GKOMETIUCAL ILVTIO OF INCREASE. 



71 



forget, that the birds which are idly singing round us mostly 
live oil insects or seeds, and are thus eonstantly destroying 
life ; or we ‘forget how largely these songsters, or their eggs, 
or their nestlings, are destroyed by birds and beasts of prey ; 
we do not always bear in mind, that, though food may be now 
superabundant, it is not so at all seasons of each recurring 
year. 

The Tcrm^ Strug gle for Existence^ nsed in a Earge Sense. 

I should premise that I use this term in a large and meta- 
phorical sense, including dependence of one being on another, 
and including (which is more important) not only the life of 
tlic indi\ddual, but success in lea\dng jirogeny. Two canine 
animals, in a time of dearth, may be truly said to struggle with 
each -other which shall get food and live. But a plant on the 
edge of a desert is said to struggle for life against the drought, 
though more properly it should be said to be dependent on the 
moisture. A plant which annually produces a thousand seeds, 
of which on an average only one comes to maturity, may be 
more truly said to struggle with the plants of the same and 
otlier kinds which already clothe the ground. The mistletoe 
is dependent on the apple and a few other trees, but can only 
in a far-fetched sense be said to struggle with these trees, for, 
if too many of these parasites grow on the same tree, it will 
languish and die. But several seedling mistletoes, growing 
close together on the same branch, may more truly be said to 
struggle with each other. As the mistletoe is disseminated by 
birds, its existence depends on birds; and it may metaphori- 
cally be said to struggle with other fruit-bearing plants, in 
order to tempt birds to dev’our and thus disseminate its seeds 
rather than those of other plants. In these several senses, 
which pass into each otlier, I use for convenience’ sake the 
general term of struggle for existence. 



Geometrical llatlo of Increase. 

A strng'gle for existence inevitably follows from the high 
rate at which all organic beings tend to increase. Every being 
which during its natural lifetime produces several eggs or 
seeds, must sulTer destruction during some period of its life, 
and during some season or occasional year, otherwise, on the 
principle of geometrical increase, its numbers would quickly 
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become so inordinately great that no eountry could support the 
product. Hence, as more individuals are produced than can 
possibly survive, there must in every case be a struggle for 
existence, either one individual with another of the same spe- 
cies, or with the individuals of distinct species, or with the phys- 
ical conditions of life. It is the doctrine of !Malthus applied 
with manifold force to the whole animal and vegetable king- 
doms ; for in this case there can be no artificial increase of 
food, and no prudential restraint for marriage. Although some 
species may be now increasing, more or less rapidly, in num- 
bers, all cannot do so, for the world would not hold them. 

There is no exception to the rule that every organic being 
naturally increases at so high a rate, that, if not destroyed, tlie 
earth would soon be covered by the progeny of a single pair. 
Even slow-breeding man has doubled in twenty-five years, and 
at this rate, in a few thousand years, there would literally not 
be standing-room for his progeny. Linnaeus has calculated 
that if an annual plant produced only two seeds — and there is 
no plant nearly so unproductive as this — and their seedlings 
next year produced two, and so on, then in twenty years there 
would be a million plants. The elephant is reckoned the 
slowest breeder of all known animals, and I have taken some 
pains to estimate its probable minimum rate of natural increase: 
it will be safest to assume that it begins breeding: when thirtv 
years old, and goes on breeding till ninety years old, bringing 
forth six young in the interval, and surviHng till one hundred 
years old ; if this be so, after a period of from seven hundred 
and forty to seven hundred and fifty years, there would be alive 
nearly nineteen million elephants descended from the first pair. 

But we have better evidence on this subject than mere 
theoretical calculations, namely, the numerous recorded cases 
of the astonishingly rajfid increase of various animals in a state 
of nature, when circumstances have been favorable to them 
during two or three following seasons. Still more striking is 
the evidence fj’om our domestic animals of many kinds which 
have run wild in several jiarts of the world : if the statements 
of tlie rate of increase of slow-breeding cattle and horses in 
South America, and latterly in Australia, had not been well 
authenticated, tlicy would have been incredible. So it is with 
plants : cases could be given of introduced plants which have 
])CCome common throughout whole islands in a period of less 
tlian ten years. Several of the plants, such as the caitlooii, 
and a tall thistle, now most numerous over the wide plains of 
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J.,a Plata, clothing square leagues of surface almost to the ex- 
clusion of all other plants, have been introduced from Europe ; 
and there are plants which now range in India, as I hear from 
Dr. Falconer, from Cape Comorin to the Himalaya, which have 
been imported from America since its discovery. In such 
cases, and endless instances could be given, no one supposes 
that the fertility of these animals or plants has been siuhlenly 
and temporarily increased in any sensible degree. The obvious 
explanation is that the conditions of life 'have been very favor- • 
able, and that there has consequently been less destruction of 
tlie old and young, and that nearly all the young have been 
enabled to breed. In such cases the geometrical ratio of in- 
crease, the result of which never fails to be surprising, simjdy 
explains the extraordinarily rapid increase and wide dilfusion 
of naturalized productions in their new homes. 

In a state of nature almost every ]dant produces seed, and 
among animals there are very few which do not annually pair. 
Hence we may confidently assert, that all plants and animals 
are tending to increase at a geometrical ratio — ^that all would 
most rapidly stock every station in which they could anyhow 
exist — and that the geometrical tendency to increase must be 
c hecked by destruction at some period of life. Our familiarity 
with the larger domestic animals tends, I think, to mislead us : 
we sec no great destruction falling on them, and we forgot that 
thousands arc annually slaughtered for food, and that in a 
state of nature an equal number would have somehow to be 
disposed of. 

The only difiercnce between organisms which annually pro- 
duce eggs or seeds by the thousand, and those which produce 
extremely few, is, that the slow-brceders would require a few 
more years to jicoplc, under favorable conditions, a whole dis- 
trict, let it be ever so large. The condor lays a coiijde of eggs 
ami the ostrich a score, and yet in the same country the condor 
may be the more numerous of the two: the Fulmar petrel lays 
but one egg, yet it is believed to be the most numerous bird in 
the world. One fly deposits lumdreds of eggs, and another, 
lik(^ the hippobosca, a single one; but this diircrence does not 
detennine how many individuals of the two species can be suj> 
]iorted in a district. A large number of eggs is of some im- 
j)ortance to those species which depend on a nipidly-fluctuating 
amount of food, for it allows them ra})idly to increase in num- 
ber. Ihit the real import.-ince of a large number of eggs or 
seeds is to make up for much destruction at some period of life ; 
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and this period in tlie great majorit}^ of eases is an early one. 
Tf an animal can in any way ])rotect its own eggs or young, a 
small number may be j)roduecd, and yet the average stock be 
fully kept 11]); but if many eggs or young arc destroyed, many 
must be produced, or the species will become extinct. It 
would sunicc to keep up the full number of a tree, which lived 
on an a^'crage for a thousand years, if a single seed were pro- 
duced once in a thousand years, supposing that this seed were 
never destroyed, and could l)c insured to germinate in a fitting 
place. So that, in all cases, the average number of au}" animal 
or plant depends only indirectly on the number of its eggs or 
seeds. 

In looking at Nature, it is most necessary to keep the fore- 
going considerations always in mind — never to forget that 
every single organic being around us may be said to be striving 
to the utmost to increase in numbers ; that each lives by a 
struggle at some period of its life ; that heavy destruction in- 
evitably falls either on the young or old, during each genera- 
tion or at recurrent intervals. Lighten any check, mitigate 
the destruction ever so little, and the number of the species 
will almost instantaneously increase to any amount. 

I^ature of the CJicchs to Increase. 

The causes which check the natural tendency of each spe- 
cies to increase are most obscure. Look at the most vigorous 
species ; by as much as it swarms in numbers, by so much 'Nvill 
its tendenev to increase be still further increased. e know 
not exactly what the checks arc in even one single instance. 
Nor will tliis surprise any one who reflects how ignorant we 
arc on this head, even in regard to mankind, so incomparably 
better known than any other animal. This subject has been 
ably treated by several authors, and I shall, in my future work, 
discuss some of- the checks at considerable length, more cs- 
]iecially in regard to the feral animals of South America. Here 
I will make onl}' a few remarks, just to recall to the reader’s 
mind some of the chief ])oints. Lggs or very young animals 
seem generally to sutler most, but this is not invariably the 
case, \\dth plants there is a vast destruction of seeds, but, 
from some observations ^vhich I have made, I believe that it 
is the seedlings which sutler most from germinating in ground 
idn'ad}' thickiy stocked with other plants. Seedlings, also, ai’C 
destroyed in vast num])crs l)y various enemies ; for instance. 
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on a piece of ground three feet long and two wide, dug and 
cleared, and wlicre tliere could be no choking from other plants, 
I marked all the seedlings of our native weeds as they came 
up, and out of the 357 no less than 295 were destroj^ed, chielly 
by slugs and insects. If turf which has long been mown, and 
the case would be the same with turf closely browsed by quad- 
rupeds, be let to grow, the more vigorous plants gradually 
kill the less vigorous though fully-grown plants ; thus out of 
twenty siiecies growing on a little plot of turf (three feet by 
four) nine s]oecies perished from the other species being allowed 
to grow up freely. 

The amount of food for each sjiecies of course gives the 
extreme limit to which each can increase ; but very frequently 
it is not the obtaining food, but the serving as prey to other 
animals, which determines the average numbers of a species. 
Thus* there seems to be little doubt that the stock of par- 
tridges, grouse, and hares, on any large estate depends chieny 
on the destruction of vermin. If not one head of game were 
shot during the next twenty years in England, and, at tin; 
same time, if no vermin were destroyed, there would, in all 
probability, be less game than at present, although hundreds 
of thousands of game animals arc now annually killed. On the 
other hand, in some cases, as with the elephant, none are de- 
stroyed by beasts of prey; for ev'en the tiger in India most 
rarely dares to attack a }^oung elephant protected by its dam. 

Climate plays an iin])ortant part in determining the aver- 
ige numbers of a species, and periodical seasons of extreme 
cold or drought seem to be the most effective of all checks. I 
estimated (chiefly from the greatly reduced numbers of nests 
in the spring) that the winter of 1854-55 destroyed four-fifths 
of the birds in my own grounds ; and this is a tremendous 
destruction, when we remember that ten per cent, is an ex- 
traordinarily severe mortality from epidemics with man. The 
action of climate seems at first sight to be quite indcjicndent 
of the struggle for existence ; but in so far as climate chiefly 
acts in reducing food, it brings on the most severe struggle 
between the individuals, whether of the same or of distiiu't 
species, which subsist on the same kind of food. Even when 
• ■limatc, for instance extreme cold, acts directly, it will be the 
l'*ast vigorous, or those which have got least food through tin* 
advancing winter, Mdiich will snfler most. AVhen Ave travel 
from south to north, or from a damp region to a dry, we in- 
variably see some s])ccies gradually getting rarer and rarer. 
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and finally disappearing ; and the change of climate being con- 
spicuous, we arc tcin])tcd to attribute the ^vhole cflect to its 
direct action. But this is a false view: ^YC forget that each 
species, even Avhere it most abounds, is constantl}^ suffering 
enormous destruction at some period of its life, from enemies 
or from competitors for the same place and food;. and if these 
enemies or competitors be in the least degree favored by any 
slight change of climate, they \vill increase in numbers, and, 
as each area is already fully stocked 'vvith inhabitants, the other 
species ^yill decrease. AM\cn we travel southward and see a 
species decreasing in numbei*s, we may feel sure that the cause 
lies quite as much in other species being favored, as in this 
one being hurt. So it is when we travel northward, but in a 
somewhat lesser degree, for the number of species of all kinds, 
and therefore of competitors, decreases northward; hence, in 
going northward, or in ascending a mountain, we far oftencr 
meet with stunted forms, due to the dlrecthj injurious action 
of climate, than we do in j^roceeding southward or in descend- 
ing a mountain. When we reach the Arctic regions, or snow- 
capped summits,, or absolute deserts, the struggle for life is 
almost exclusively witli the elements. 

That climate acts in main part indirectly by favoring other 
species, we may clearly sec in the prodigious number of plants 
in our gardens which can perfectly well endure our climate, 
l^ut wliich never become naturalized, for they cannot compete 
with our native plants, nor resist destmetion by our native 
animals. 

When a species, owing ‘to highly ffivorable circumstances, 
increases inordinately in numbers in a small tract, e])idemies — 
at least this seems generally to occur with our game animals — 
often ensue: and here we have a limiting check independent 
of the struggle for life. But even some of these so-called 
epidemics appear to be due to ]:>arasitic worms, which have 
from some cause, ])ossibly in ])art through facility of diffusion 
among the crowded animals, been disproportionally favored ; 
and here comes in a sort of struggle between the ]^arasitc and 
its prey. 

On the other hand, in many cases, a large stock of individ- 
uals of the same species, relatively to the numbers of its ene- 
mies, is absolutely necessary for its preservation. Thus we can 
easily raise plenty of corn and rape-seed, etc., in our fields, be- 
cause the seeds are in great excess compared witli tlie number 
of birds wliich feed on them; nor can the birds, tliough having 
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a superabundance of food at tliis one season, increase in lunn- 
ber ])roportionalIy to the supply of seed, as their numl)ors are 
checked during winter; but any one who has tried, knows 
liow troublesome it is to get seed from a few wheat or other 
such plants in a garden : 1 have in this case lost every single 
seed. This view of the necessity of a large stock of the same 
species for its preservation, explains, I believe, some singular 
facts in Nature, such as that of very rare jdants being some- 
times extremely alDundant in the few spots where they do 
occur; and that of some social plants being social, that is, 
abounding in individuals, even on the extreme confines of their 
range. For in such cases, we may believe, that a plant could 
exist only where the conditions of its life were so favorable 
tliat many could exist together, and thus save the species from 
utter destruction. I should add that the good cflects of fre- 
quent intercrossing, and the ill elfects of close interbreeding, 
]wobably come into play in some of these cases ; but on this 
intricate subject I will not here enlarge. 

Complex Hclations of all Animals and Plants to each other 
in the Struggle for Existence, 

Many cases arc on record showing how complex and unex- 
joected arc the checks and relations between organic beings, 
which have to struggle together in the same countrj^ I will 
give only a single instance, which, tliough a simple one, has 
interested me. In Staflbrdshirc, on the estate of a relation, 
where I had ample means of investigation, there was a large 
and extremely barren heath, which had never been touched hy 
the hand of man; but several hundred acres of exactly the 
s»ame nature had been enclosed twenty-five years previously 
and jfianted with Scotch fir. The change in the native vegeta- 
tion of the i)lanted part of the heath was most remarkable, 
more than is generally seen in passing from one quite dilTerent 
soil to another; not only the proportional numbers of the heath- 
plants were Avholly changed, but twclv^e species of jilants (not 
counting grasses and carices) nourished in the ])Iantations, 
which could not l)c found on the heath. The ellcct on the 
insects must have been still greater, for six insectivorous birds 
were very common in the jdaiitations, which were not to be 
seen on the heath; and the heath was frequented by two or 
three distinct insectivorous birds. Here avc sec how potent 
has been the elTcct of the introduction of a single tree, nothing 
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wliatcver CiSC been done, 'with the cxcejTtion of Ihc 

land liaving been enclosed, so tliat cattle could not enter. But 
liow important an element enclosure is, I plainly saw near Farn- 
ham, in Surrey. Here there arc extensive heaths, with a few 
clumps of old Scotch firs, on the distant hill-tops ; within the 
last ten years large s]iaces have been enclosed, and self-sown 
firs are now springing up in multitudes, so close together that 
all cannot live. When I ascertained that these young trees 
had not been sown or planted, I was so much sur])riscd at their 
numbei’S that I went to several points of view, whence I could 
examine hundreds of acres of the unenclosed heath, and liter- 
ally I could not sec a single Scotch fir, except the old planted 
clumps. But on looking closely between the stems of the 
heath, I found a multitude of seedlings and little trees, which 
had been perpetually browsed down by the cattle. In one 
square yard, at a point some hundred yards distant from one 
of the old clumps, I counted thirty-two little trees ; and one 
of them, \vith twenty-six rings of growth, had during many 
years tried to raise its head above the stems of the heath, and 
had failed. No wonder that, as soon as the land was enclosed, 
it became thickly clothed with vigorously-growing young firs. 
Yet the heath was so extremely barren and so extensive that 
no one would ever have imagined that cattle would have so 
closely and effectually searched it for food. 

Here we sec that cattle absolutely determine the existence 
of the Scotch fir ; but in several parts of the world insects 
determine the existence of cattle. Perhaps Paraguay offers 
the most curious instance of this ; for here neither cattle nor 
horses nor dogs have ever run wild, though they swarm south- 
ward and northward in a feral state ; and iVzara and Pengger 
have shown that tliis is caused by the greater number in Para- 
guay of a certain fly, which lays its eggs in the navels of these 
animals when first born. The increase of these flies, numerous 
as they arc, must be habitually checked by some means, proba- 
bl}^ by other parasitic insects. Hence, if certain insectivorous 
birds were to decrease in Paraguay, tlie parasitic insects would 
probably increase ; and this would lesson the number of the 
navel-frequenting flies — then cattle and horses would become 
feral, and this would certainly greatly alter (as indeed I have 
obsciwed in jxirts of South America) the vegetation : this again 
would largely affect the insects ; and this, as we have just seen 
in Staffordshire, the insectivorous birds, and so onward in 
ever-increasing circles of complcxit3\ AVc began this series 
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by insectivorous birds, and we liavc ended with them. Not 
that in nature the relations can ever be as simple as this. Bat- 
tle within battle must ever be recurring’ with varying success ; 
and yet in the long-run the forces are so nicely balanced, that 
rhc face of Nature remains uniform for long periods of time, 
tliough assuredly the merest trifle would often give the victory 
to one organic being over another. Nevertheless, so profound 
is our ignorance, and so high our presumption, that we marvel 
when we hear of the extinction of an organic being ; and, as 
we do not see the cause, we invoke cataclysms to desolate the 
world, or invent laws on the duration of the forms of life ! 

I am tempted to give one more instance sho\ving how 
plants and animals, most remote in the scale of Nature, arc 
bound together by a web of complex relations. I shall here- 
after have occasion to show that the exotic Lobelia fulgens, in 
this part of England, is never visited by insects, and consc- 
cpicntly, from its peculiar stmeture, never sets a seed. Near- 
ly all our orchidaceous plants absolutely require the visits of 
insects to remove their pollen-masses and thus to fertilize them. 
I find from experiments that hiimblc-bccs arc almost indispen- 
sable to the fertilization of the hcart’s-ease (Viola tricolor), for 
other bees do not -sdsit this flower. I have also found that the 
Ausits of bees arc necessary for the fertilization of some kinds 
of clover : for instance, 20 heads of Dutch clover (Trifolium 
repens) }ncldcd 2,200 seeds, but 20 other heads protected from 
bees produced not one. Again, 100 heads of red clover (T. 
pr.atcnsc) produced 2,700 seeds, but the same number of pro- 
tected heads produced not a single seed. Humble-bees alone 
visit red clover, as other bees cannot reach the nectar. It has 
been suggested that moths may fertilize the clovers; but 1 
doubt whether they could do so in the case of the red clover, 
from their weight not being suflicient to depress the wing- 
])etnls. IIciicc we may infer as highly probable that, if the 
whole genus of humble-bees became extinct or very rare in 
England, the heart’ s-casc and red clover would become very 
ran', or wholly disappear. The number of humble-bees in any 
district depends in a great degree on the number of ficld-mic(‘, 
which destroy their combs and nests ; and Colonel Newman, 
who has long attended to the habits of humble-bees, believes 
that “ more than two-thirds of them arc thus destroyed all 
over England.” Now the number of mice is largely depend- 
ent, as every one knows, on the number of eats: and Colonel 
Newman says, “ N^car villages and small towns I have found 
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(he nests of htimble-bces more numerous tlian elsewhere, which 
I attribute to the number of cats that clestro}" tlic mice.” Hence 
it is quite credible that the presence of a fchiie animal in large 
numbers in a district might determine, through the interven- 
tion first of mice and then of bees, the frec|ncncy of certain 
(lowers in that district I 

In tlic case of every species, many different checks, acting 
at different periods of life, and during different seasons or 
years, ])robably come into play ; some one check or some fe^v 
Joeing generally the most j)otcnt, but all concur in determining 
the average number or even the existence of the species. In 
some cases it can be shown that widcly-diffcrcnt checks act on 
the same species in different districts. When Ave look at the 
])lants and bushes clothing an entangled bank, avc arc tcm})tcd 
to attribute their proportional numbers and kinds to Avhat we 
call chance, l^ut how false a view is this I Ever}’ one has 
licard that Avhen an American forest is cut down, a A’cry differ- 
ent AXgctation springs up ; but it has been observed that an- 
cient Indian ruins in the Southern United States, which must 
formerly have been cleared of trees, now display the same 
beautiful diA^ersity and proportion of kinds as in the surround- 
ing Aurgin forest. AUhat a struggle must have gone on during 
long centuries betAveen the sCA'cral kinds of trees, each annual- 
ly scattering its seeds by the thousand ; Avhat Avar bctAvccii 
insect and insect — betAveen insects, snails, and other animals, 
Avith birds and beasts of prey — all striving to increase, all 
feeding on each other, or on the trees, their seeds and seed- 
lings, or on the other plants Avhicli first clothed the ground 
and thus checked the groAvth of tlic trees I ThroAV up a handful 
of feathers, and all must fall to the ground according to defi- 
nite laAvs ; buthoAV simple is the problem Avlierc each shall fall 
compared to that of the action and reaction of the innumerable 
plants and animals AAdiich haA’C determined, in the course of 
centuries, the proportional numbers and kinds of trees nOAV 
groAving on the old Indian ruins ! 

The dependency of one organic being on another, as of a 
]:>arasite on its prey, lies generally betAveen beings remote in 
the scale of nature. This is likcAvisc sometimes the case Avith 
those Avhich may strictly be said to struggle Avith each other 
for existence, as in the case of locusts and grass-feeding quad- 
rupeds. But the struggle Avill almost iiiA*ariably be most 
scA'cre lictAvcen the individuals of the same sjiecics, for they 
frequent the same districts, require the same food, and arc 
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exposed to the same dangers. lu the case of varieties of the 
same species, the struggle will generally be almost equally 
severe, and wc sometimes see the contest soon decided : for 
instance, if several varieties of wheat be sown together, and 
the mixed seed be resown, some of the varieties which best 
suit the soil or climate, or arc naturally the most fertile, will 
beat the others and so yield more seed, and will consequently 
in a few years quite supplant the other varieties. To keep up 
a mixed stock of even such extrcmely-close varieties as the 
variously-colored sweet-peas, they must be each year harvested 
separately, and the seed then mixed in due proportion, other- 
^visc the weaker kinds will steadily decrease in number and 
disappear. So, again, with the varieties of sheep : it has been 
asserted that certain mountain-varieties will starve out other 
mountain-varieties, so that they cannot be kept together. The 
same result has followed from keeping together ditferent varie- 
ties of the medicinal leech. It may even be doubted whether 
the varieties of any of our domestic plants or animals have so 
exactly the same strength, habits, and constitution, that the 
original proportions of a mixed stock could be kept up for half 
a dozen generations, if they were allowed to struggle together, 
like beings in a stflte of nature, and if the seed or young were 
not annually sorted. 

Struggle for Life most severe between Individuals and ^\v'i- 
eties of the same Sj^edes. 

As species of the same genus have usually, though by no 
means invariably, much similarity in habits and constitution, 
and always in structure, the struggle will generally be more 
severe between species of the same genus, when they come 
into conq^etition vdth each other, than between species of dis- 
tinct genera. We sec this in the recent extension over parts 
of the United States of one species of swallow having caused 
the decrease of another species. The recent increase of the 
rnissel-thrnsh in parts of Scotland has caused the decrease of 
the song-thrush. How frequently we hear of one. species of 
rat taking the place of another species under the most differ- 
ent climates ! In Russia the small Asiatic cockroach has every- 
where driven before it its great congener. In Australia the 
imported hivc%bee is rapidly exterminating the small, stinglcss 
native bee. One species of charlock has been known to siq)- 
plant another species; and so in other cases. Wo can dimly 
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sec Avliy llic competition should be most severe between allied 
forms, wliicli fill nearly the same place in the economy of Na- 
ture; but probably in no one case could we precisely say why 
one species has been victorious over another in the great bat- 
tle of life. 

A corollary of the highest iinportance may be deduced 
from the foregoing remarks, namely, that the structure of 
every organic being is related, in the most essential yet often 
hidden manner, to that of all the other organic beings, with 
which it comes into competition for food or residence, or from 
which it has to escape, or on which it preys. This is obvious 
in the structure of- the teeth and talons of the tiger; and in 
that of the legs and claws of the parasite which clings to the 
Jiair on the tiger’s body. But in the beautifully-plumed seed 
of the dandelion, and in the flattened and fringed legs of the 
Avater-beetle, the relation seems at first confined to the ele- 
ments of air and water. Yet the advantage of plumed seeds 
no doubt stands in the closest relation to the land being' 
already thickly clothed with other plants ; so that the seeds 
may be widely distributed and fall on unoccupied ground. In 
the water-beetle, the structiuc of its legs, so Avell adapted for 
diving, allows it to compete with other a*quatic insects, to 
hunt for its own prey, and to escape ser^nng as prey to other 
• animals. 

The store of nutriment laid up witliin the seeds of many 
plants seems at first sight to have no sort of relation to other 
]ilants. But from the strong growth of young plants produced 
from such seeds (as peas and beans), when sown in the midst 
of long grass, it may be suspected that the chief use of the 
nutriment in the seed is to favor the growth of the young seed- 
ling, while struggling with other jilants growing vigorously 
all around. 

Look at a jilant in the midst of its range, why does it not 
double or quadruple its numbers ? We know that it can per- 
fectly Avcll withstand a little more heat or cold, dampness or 
dryness, for elsewhere it ranges into slightly hotter or colder, 
damper or drier districts. In this ease we can clearly sec that 
if we wished in imagination to give the plant the power of in- 
creasing in number, we should have to give it some advantage 
over its competitors, or over the animals which preyed on it. 
On tlic confines of its geographical range, a ch;*ngc of consti- 
tution with respect to climate would clearly be an advan- 
tage to our jdant ; but we have reason to believe that only a 
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few j)lants or animals range so far, that they are destroyed by 
the rigor of the climate alone. Not until ^ve reach the extreme 
coniines of life, in the Arctic regions or on the borders of an 
utter desert, \\\W competition cease. The land may be ex- 
tremely cold or dry, yet there ^vill be competition between 
some few species, or between the individuals of the same spe- 
cies, for the warmest or dampest spots. 

Hence, also, we can see that when a plant or animal is 
j)laccd in a new country among new competitors, though the 
climate may be exactly the same as in its former home, yet 
the conditions of its life will generally be changed in an essen- 
tial manner. If we wished to increase its average numbers in 
its new home, we should have to modify it in a dilTci-ent way 
to what we should have to do in its native country; for Ave 
should have to give it some advantage over a different set of 
competitors or enemies. 

It is good thus to try in imagination to give any form 
some advantage OA'cr another. Probably in no single instance 
should we know Avhat to do, so as to succeed. It Avill con- 
A'iiice us of our in-iiorance on the mutual relations of all organic 
beings ; a conviction as necessary, as it seems diflicult to ac- 
cpiire. All that we can do is, to keejA steadil}^ in mind that 
each organic being is striving to increase in a geometrical 
ratio; that each at some period of its life, during some season 
of the year, during each generation or at intervals, has to 
struggle for life, and to siiftbr great destruction. When Ave 
reflect on this struggle, Ave may console ourseh'es Avith the full 
belief that the AAar of Nature is not incessant, that no fear is 
felt, that death is generally ]Arompt, and that the vigorous, the 
healthy, and the happy, survive and multipl}". 
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• CHAPTER IV. 

NATURAL SELECTION, OR THE SURVIVAL OF THE FITTEST. 

Natural Selection— its Power compared ^v it h Man’s Selection— its Power on Char- 
acters of trillin" Importance— its Power at all Ages and on both Sexes- Sexual 
Selection- On the Generality of Intercrosses between Individuals of the same 
Species— Circumstances favorable and unfavorable to the Results of Natural Se- 
lection, namely, Intercrossiii", Isolation, Number of Individuals— Slow Action- 
Extinction caused by Natural Selection-Divergence of Character related to the 
Diversity of Inhabitants of any Small Area, and to Naturalization— Action of Nat- 
ural Selection, through Divergence of Character and Extinction, on the Descend- 
ants from a Common Parent— Explains the Grouping of all Organic Bcings-Ad- 
vance in Organization- Low Forms preserved— Objections considered— Uniform- 
ity of certain Characters due to their Unimportance and to their not having been 
acted on by Natural Selection— Indefinite Multiplication of Species— Summary. 

How will the struggle for existence, briefly discussed in 
the last chapter, act in regard to variation ? Can the principle 
of selection, which we have seen is so potent in the hands of 
man, ap|Iy in Nature? I think we shall see that it can act 
most cifcctually. Let the endless number of peculiar varia- 
tions ill our domestic productions, and, in a lesser degree, in 
those under Nature, be borne in mind; as well as the strength 
of the hereditary tendency. Under domestication, it may be 
truly said that the wliole organization becomes in some degree 
plastic. But the variability, which we almost universally meet 
with in our domestic productions, is not directly produced, ns 
Hooker and Asa Gray have well remarked, by man ; he can 
neither originate varieties, nor prevent their occurrence; he 
can only preserve and accumulate such as do occur; uninten- 
tionally he exposes organic beings to new and changing con- 
ditions of life, and variability ensues ; blit similar changes of 
conditions might and do occur under Nature. Let it alsf be 
borne in mind how infinitely complex and close-fitting are the 
mutual relations of all organic beings to each other and to 
their physical conditions of life ; and consequently what in- 
finitelj'-varied diversities of structure may be of use to each 
being under changing conditions of life. Can it, tlion, be 
thought improbable, seeing that variations useful to man have 
undoubtedly occurred, that other variations useful in some way 
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to each being in the great and complex battle of life, should 
sometimes occur in the course of tliousands of generations? 
K such do occur, can we doubt (remembering that many more 
individuals arc born than can possibly survive) that individuals 
having any advantage, however slight, over others, would have 
the best cliance of surviving and of procreating their kind ? 
On the other hand, we may feel sure that anj^ variation in the 
least degree injurious would be rigidly destroyed. This pres- 
ervation of favorable variations, and the destruction of injuri- 
ous variations, I call Natural Selection, or the Survival of the 
Fittest. Variations neither useful nor injurious would not be 
aflected by natural selection, and would be left either a fluc- 
tuating element, as perhaps we see in certain polymorphic 
species, or would ultimately become fixed, owing to tlic nature 
of the organism and the nature of the conditions. 

Several witers have misapprehended or objected to the 
tenn Natural Selection. Some have even imagined that nat- 
ural selection induces variability, whereas it implies only the 
preservation of such variations as occur and arc beneficial to 
the being under its conditions of life. No one objects to agri- 
culturists speaking of the potent eflects of man’s selection; and 
in this ease the individual ditTerences given by Nature, which 
man for some object selects, must of necessity first occur. 
Others have objected that the term selection implies conscious 
choice in the animals Avhich become modified ; and it has even 
been urged that, as plants have no volition, natural selection is 
not applicable to them ! In the literal sense of the word, no 
doubt, natural selection is a false term; but who ever objected 
to chemists speaking of the elcctiv^e allinitics of the various 
elements ? — and yet an acid cannot strictl}- be said to elect the 
base with which it in preference combines. It has been saitl 
that I speak of natural selection as an active power or Deity ; 
but who objects to an author speaking of the attraction of 
gravity as ruling the movements of the planets ? Every one 
knows what is meant and is implied b}^ such metaphorical ex- 
j>rcssions; and they are almost necessary for brevity. So, 
again, it is diflicult to avoid personifying the word Nature; but 
I mean by Nature, only the aggregate action and jiroduct of 
many natural laws, and by laws the secpience of events as as- 
certained by us. AVlth a little familiarit}’ such superficial ob- 
jections will be forgotten. 

AVe shall best understand the probable course of natural 
selection by taking the case of a country undergoing some 
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i)hysical clian^c, for instance, of climate. The propor- 
tional numbers of its inhabitants would almost immediately 
undergo a change, and some species might become extinct. 
AVe may conclude, from what wc have seen of the intimate 
and complex manner in which the inhabitants of each country 
arc Ijoimd together, that any change in the mimerieal propor- 
tions of some of the inhabitants, inde])cndently of the change 
of climate itself, would seriously affect the others. If the 
country were open on its borders, new fonns would certainly 
immigrate, and this also would often seriously disturb the re- 
lations of some of the former inhabitants. Let it be remem- 
bered how powerful tlie influence of a single introduced tree 
or mammal has been shown to be. But in the case of an 
island, or of a country partly surrounded by barriers, into 
^vhich new and better-adapted forms could not freely enter, wc 
should then have places in the economy of Nature which would 
assuredly be better filled up, if some of the original inhabitants 
were in some manner modilied ; for, had the area been o])cn to 
immigTation, these same places would have been seized by in- 
truders. In such cases, slight modifications, which in any way 
favored the individuals of any species, by better adapting them 
to their altered conditions, would tend to be preserved ; and 
natural sclcelion would have free scope for the work of im- 
provement, 

Wc have reason to believe, as stated in the first chapter, 
that changes in the conditions of life cause or excite a ten- 
dency to vary; and in the foregoing case the conditions are 
supiioscd to have changed, and this woidd manifestly be favor- 
able to natural selection, by giving a better chance of profit- 
able variations gccurriug ; and unless such do occur, natural 
selection can do nothing*. Under the term of “variations,” it 
must never be forgotten that mere individual differences are 
always included. As man can certainly ]n'oducc a gTcat result 
with his domestic animals and iflants by adding up in any 
given direction individual differences, so could natural selection, 
but far more easily, from having incomparably longer time for 
action. Nor do I believe that any great physical change, as 
of climate, or any unusual degTcc of isolation to check immi- 
gration, is actually necessary to produce new and unoccupied 
places for natural selection to fill up by modifying and improv- 
ing some of tlie varying inhabitants. For as all the inhabit- 
ants of each country are struggling together with nicely-bal- 
anced forces, t'xtremcly-slight modifications in the structure oi 
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Iiuhits of one species would often give it an advantage over 
others ; and still further modifications of the same kind would 
often still furtlicr increase the advantage, as long as the species 
continued under the same conditions of life and profited by 
similar means of subsistence and defence. No country can be 
named, in which all the native inhabitants arc now so perfectly 
adapted to each other and to the physical conditions under 
which they live, that none of tliem coultl be still lictter adapted 
or imj)roved ; for, in all countries, the natives have been so far 
conquered by naturalized productions, that they have allowed 
foreigners to take firm ])ossession of the land. And, as for- 
eigners have thus in every country beaten some of the natives, 
we may safely conclude tliat the natives might have been mod- 
ified with advantage, so as to have better resisted the in- 
truders. 

As man can produce and certainly has produced a great 
result by his methodical and unconscious means of selection, 
what may not natural selection elfect ? Man can act only on 
external and visible characters: Nature, if I maybe allowed 
to ])crsonify the natural preservation or survival of the fittest, 
cares nothing for appearances, except in so far as they are use- 
ful to any being. She can act on every internal organ, on 
every shade of constitutional dilfercncc, on the whole machinery 
of life. Man selects only for his own good; Nature only for 
that of the being which she tends. Every selected character is 
fully exercised by her, as is implied by the fact of their selection. 
Man keeps the natives of many climates in the same countiy ; 
he seldom exercises each selected character in some ])eculiai: 
and fitting manner ; he feeds a long and a short beaked pigeon 
on the same food ; he does not exercise a long-backed or long- 
legged quadruped in any peculiar manner; lie exposes shec}) 
with long and short wool to the same climate. He does not 
allow the most vigorous males to struggle for the females, lie 
docs not rigidly destroy all inferior animals, but j)rotects during 
each varying season, as far as lies in his power, all his produc- 
tions. lie often begins his selection by some half-monstrous 
form; or at least by some modification jiromincnt enough to 
catch the eye or to be plainly useful to him. Under Nature, 
the slightest ditfercnces of structure or constitution may well 
turn the nicely-balanced scale in tlie struggle for life, and so lie 
preserved. JIow fleeting are the Avishes and eflbrts of man! 
liow short his time! aiul eonseiiucntly how poor will be his 
results, comjiared with those accumulated ]>y Nature during 



88 



NATURAL SELECTION. 



Chap. IV, 



whole f^eological periods ! Can wo wonder, then, that Nature’s 
productions should be far “ truer ” in cliaractcr than man’s pro- 
ductions ; that they sliould be inQnitcly better adapted to the 
most complex conditions of life, and should plainly bear the 
stamp of far higher workmanship? 

It may metaphorically be said that natural selection ig daily 
and hourly scrutinizing, througliout the world, the slightest vari- 
ations ; rejecting those that are bad, preserving and adding up 
all that arc good ; silently and insensibly working, whenever 
and wherever opportunity olFers, at the improvement of each 
organic being in relation to its organic and inorganic conditions 
of life. AYe see nothing of these slow changes in progress, 
until the hand of time has marked the lapse of ages, and then 
so imperfect is our view into long-past geological ages, that 
we sec onl}^ that the forms of life arc now different from what 
they formerly were. 

In order that any great amount of modification in any part 
should be eficcted, a variety when once formed must again, 
perhaps after a long interval of time, vary or present individ- 
ual differences of the same favorable nature, and these must be 
again preserved, and so onward step by step. Seeing that 
individual differences of all kinds perpetually recur, this can 
hardly be considered as an unwarrantable assumption. But 
whether all this has actually taken place must be judged by 
how far the h3"]3othesis accords with and explains the general 
phenomena of Nature. On the other hand, the ordinary- belief 
that the amount of possible variation is a strictl^^-limitcd quan- 
tity is a simple assumption. 

Although natural selection can act onl}^ through and for the 
good of each being, jxt characters and structures, which we 
*are apt to consider as of very trifling importance, may thus 
be acted on. AYlien we see leaf-eating insects green, and bark- 
feeders mottled-gray ; the alpine ptarmigan white in winter, 
the red-grouse the color of heather, we must believe that these 
tints are of sernce to these birds and insects in preserving them 
from danger. Grouse, if not destroyed at some period of their 
lives, would increase in countless numbers ; they are known to 
suffer largely from birds of prey ; and hawks arc guided b}" c^’C- 
sight to their prc}’ — so much so, that on parts of the Continent 
Iversons are warned not to keep white pigeons, as being the 
most liable to destruction. Hence natural selection might be 
most cficctive in giving the proper color to each kind of grouse, 
and in keeping that color, when once acquired, true and con 
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slant. Nor ought we to think tliat the occasional destruction 
of an animal of any particular color would produce little effect: 
we should remember how essential it is in a flock of white 
sheej3 to destroy every lamb with the faintest trace of black. 
AA^e have seen how the color of the hogs, when feeding on the 
“ })aint-root ” in Florida, determines whether they shall live or 
die. In plants the down on the fruit and the color of the flesh 
arc considered by botanists as characters of the most trifling 
importance : yet we hear from an excellent horticulturist. Down- 
ing, that in the United States smooth-skinned fruits suffer far 
more from a beetle, a curculio, than those with down ; that pur- 
j)le ])lums suffer far more from a certain disease than 3’cHow 
j)lums; whereas another disease attacks yellow-fleshed peaches 
far more than those with other colored flesh. If, with all the 
aids of art, these slight differences make a gi’cat difference in 
cultivating the several varieties, assuredly, in a state of nature, 
where the trees would have to struggle with other trees and 
with a host of enemies, such differences would effectually settle 
which varict}', whether a smooth or downy, a yellow or purple 
fleshed fruit, should succeed. 

In looking at many small points of difference between spe- 
cies, which, as far as our ignorance permits us to judge, seem 
quite unimportant, we must not forget that climate, food, etc., 
may have ])rodaccd some direct effect. It is also necessary to 
bear in mind that, owing to the law of correlation, when one 
part varies, and the variations are accumulated through natural 
selection, other modifications, often of the most uncxjocctcd 
nature, will ensue. 

As we see that those variations which under domestication 
appear at any i)articular ])criod of life, tend to rcap]icar in the 
offspring at the same period — for instance, in the shape, size, 
and flavor of the seeds of the many varieties of our culinary 
and agricultural jdants ; in the caterpillar and cocoon stages 
of the varieties of the silk-worm ; in the eggs of poultry, and in 
the color of the down of their chickens; in the horns of our 
sheep and cattle when nearly adult — so, in a state of nature, 
natural selection will be enabled to act on and modify organic 
beings at any age, by the aecumulatioii of variations j)rofilabl(' 
at that age, and by their inheritance at a corresponding age. 
If it profit a plant to have its seeds more and more widely dis- 
seminated b}' the wind, I can .see no gveater dilliculty in this 
Ijcing effected through natural selection than in the cotton- 
planter increasing and improving by selection the down in the 
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pods on liis coLloii-trces. Natural selection may modify and 
adapt tlic larva of an insect to a score of conting-encies, 'wholly 
dillercnt from tliose which concern the mature insect; and 
these inodificalions may affect, through correlation, the struc- 
ture of the adult. So, conversely, modifications in the adult 
may affect tlic structure of the larva; but in all cases natural 
selection will insure that they shall not be injurious : for, if 
they were so, the species would become extinct. 

Natural selection will modify the structure of the young in 
relation to the parent, and of the parent in relation to the 
young. In social animals it will adapt the structure of each 
individual for the benefit of the whole community; if this in 
consequence profits by the selected change. What natural 
selection cannot do, is to modify the structure of one species, 
Avithout giving it any advantage, for the good of another spe- 
cies ; and, though statements to this eflbct may be found in 
Avorks of natural history, I cannot find one case AA*hich Avill 
bear inv’cstig.ition. A structure used only once in an animal’s 
life, if of high importance to it, mig’ht be modified to any ex- 
tent by natural selection ; for instance, the great jaAvs ]:)os- 
sessed by certain insects, used cxclusiA’ely for opening the 
cocoon — or the hard tip to the beak of nestling birds, used for 
breaking the egg. It has been asserted that, of the best short- 
beaked tumbler-pigeons, a greater number perish in the egg 
than are able to get out of it; so that fanciers assist in the act 
of hatching. Noaa’, if Nature had to make the beak of a full- 
groAvn pigeon A^ciy short for the bird’s OAvn adv'antage, the pro- 
cess of modification AA^ould be A’cry sIoaa', and there Avould be 
simultaneously the most rigorous selection of all the young 
liirds Avithiu the egg, A\diich had the most poAverful and hardest 
beaks, for all Avith A\"eak beaks Avould inevitably perish ; or, 
more delicate and more easil3"-broken shells might be se- 
lected, the thickness of the shell being knoAvn to A\ary like 
CA'cr}^ other structure. 



Stxual Selection, 

Inasmuch as peculiarities often apjicar under domestication 
in one sex and become hereditaril}' attached to that .sex, the 
.same fact no doubt occurs under Nature, ami if so, natural se- 
lection Avill l)c able to modify one sex in its functional relations 
to the other sex, or in relation to Avholl}*-di lie rent habits of life 
in the tAvo sexes, as is sometimes the case Avith insects. And 
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this leads me to say a few words on what I call Sexual Selec- 
tion. This defends, not on a striig’^lc for existence, but on a 
struggle between the males for possession of tlie females; the 
result is not death to the unsuccessful competitor, but few or 
no olfsprino*. Sexual selection is, therefore, less rig-orous than 
natural selection. Generally, the most vigorous males, tliose 
which are best litted for their places in Nature, will leave most 
progeny. But, in many cases, victory depends not on general 
vigor, but on having special weapons, confined to the male 
sex. A hornless stag or sjmrless cock woidd have a jioor 
chance of leaving numerous olTspring. Sexual selection, hy 
always allowing the victor to breed, might surely give indom- 
itable courage, length to the spur, and strength to the wing 
to strike in the spurred leg, as in the case of the brutal cock- 
fighter, who knows well how to improve his breed liy the care- 
ful selection of the best cocks. How low in the scale of Nature 
the law of battle descends, I know not ; male alligators have 
])cen tlcscriljcd as fighting, bellowing, and whirling round, like 
Indians in a war-dance, for the possession of the females ; male 
salmons have been seen fighting all day long ; male stag-l:)ectles 
sometimes bear wounds from the huge mandibles of other 
males ; the males of certain h^unenopterous insects have been 
frc([uently seen by that inimitable observer M. Fabre, fighting 
for a particular female, who sits by, an apparently uncon- 
cerned beholder of the struggle, and then retires with the con- 
f[ueror. The war is, jicrhaps, severest between the males of 
])olygamous animals, and these seem often cst provided with 
special vreapons. The males of carnivorous animals are already 
\vell armed ; though to them and to others, special means of de- 
fence may be given through means of sexual selection, as the 
mane to the lion, and the hooked jaw to the male salmon; for 
the shield may be as important for victoiy as the sword or 
spear. 

Among birds, the contest is often of a more peaceful char- 
acter. All those who have attended to the subject, believe 
that there is tlie severest rivalry between the males of iiianv 
species to attract by singing the female.s. The rock-thrush of 
Guiana, birds of Paratlise, and some others, congregate ; and 
successive males di.splay their gorgeous plumage and j^erform 
straiige antics l)cfore the females, which, standing by as spec- 
tators, at last choose the most attractive partner. Those who 
have closely attended to birds in confmement well know that 
they often take individual preferences and dislikes: thus Sir 
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li. Heron lias described liow one pied peacock Avas eminently 
attractive to all liis hen-birds. I cannot here enter on the ne- 
cessary details ; but if man can in a short time f^ive elegant 
carriage and beauty to his bantams according to his standard 
of beauty, I can sec no good reason to doubt that female 
birds, by selecting, during thousands of generations, the most 
melodious or beautiful males, according to their standard of 
beauty, might produce a marked ctrcct. Some well-known 
laws, with respect to the plumage of male and female birds, in 
comparison with the plumage of the young, can be explained 
through the action of sexual selection on variations occurring 
at different ages, and being transmitted to the males alone or 
to both sexes at a corresponding age ; but I liavc not space 
here to enter on this 'subject. 

Thus it is, as I believe, that when the males and females of 
any animal have the same general habits of life, but differ in 
structure, color, or ornament, such differences have been main- 
ly caused by sexual selection ; that is, by individual males hav- 
ing had, in successive generations, some slight advantage over 
other males, in their weapons, means of defence, or charms ; 
and having transmitted these advantages to their male oA- 
spring. Yet, I would not wish to attribute all such sexual dif- 
ferences to this agency: for we see peculiarities arising and 
becoming attached to the male sex in our domestic animals (as 
the greater development of the wattle in male carrier-pigeons, 
horn-like protuberances in certain fowls, etc.), which arc in no 
way useful. AVe see analogous cases under Natiu-e — for in- 
stance, the tuft of hair on the breast of the turkey-cock, which 
cannot be useful, and can hardly be ornamental ; indeed, had 
the tuft appeared under domestication, it would have been 
called a monstrosity. 

Illustrations of the Action of Hatural Selection^ or the Sur- 
vival of the I^ittest. 

In order to make it clear how, as I believe, natural selec- 
tion acts, I must beg permission to give one or two imaginary 
illustrations. Let us take the case of a wolf, which pixws on 
various animals, securing some by craft, some by strength, and 
some by Aectness ; and let us siipjDosc that the llcetest prey, 
a deer for instance, had from any change in the country in- 
creased in numbers, or that other prey had decreased in num- 
bers, during that season of the year when the wolf was hardest 
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pressed for food. Under sucli circuinstimces the swiftest and 
slimmest wolves would have the l)est eliance of surviving, and 
so be preserved or selected — provided always that they retained 
strength to master their prey at this or at some other period 
of tlie year, when they might be compelled to prey on other 
animals. I can see no more reason to doubt this, than that 
man can improve the lleetncss of his greyhounds by careful and 
methodical selection, or by unconscious selection which results 
from each man trying to keep the best dogs without any 
thought of modifying the breed. I may add, that, according 
to Mr. Pierce, there are two varieties of the wolf inhabiting 
the Catskill Mountains in the United States, one with a light, 
greyhound-like form, which pursues deer, and the other more 
bulky, with sliorter legs, which more frequently attacks the 
shepherd’s flocks. 

It should be observed that, in the above illustration, I sj^cak 
of the slimmest individual wolves, and not of any single strong- 
ly-marked variation having been preserved. In former editions 
of this work I sometimes spoke as if this latter alternative had 
frequently occurred. I saw the great importance of individual 
diflercnces, and this led me fully to discuss the results of un- 
conscious selection by man, whicli depends on the preservation 
of the better-adapted or more valuable individuals, and on the 
destruction of the worst. I saw, also, that the preservation in 
a state of nature of any occasional deviation of structure, such 
as a monstrosity, would be a rare event; and that, if preserved, 
it would generally be lost by subsequent intercrossing with 
ordinary individuals. Nevertheless, until reading an able and 
valuable article in the N^orth Jhntlsh Jlcvleio (1807), I did not 
appreciate how rarely single variations, whether slight or 
strongly-marked, could be perpetuated. The autlior takes the 
ease of a pair of animals, which produce during their lifetime 
two hundred offspring, of which, from various causes of de- 
struction, only two on an average survive to procreate their 
kind. This is rather an extreme estimate for most of the 
higher animals, but by no means so for many of the lower 
organisms. lie then shows that if a single individual were 
])orn, whicli varied in some manner, giving it twice as good a 
chance of life as that of the otlicr individuals, yet the chances 
would be strongly against its survival. Supjiosing it to sur- 
vive and to breed, and that half its young inherited the favor- 
able variation ; still, as the Reviewer goes on to show, the 
young would liave only a slightly-ljctter chance of surUving 
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and breeding; and this chance ^vould go on decreasing in the 
succeeding generations. The justice of these remarks cannot, 
I think, be disputed. If, for instance, a bird of some kind 
could procure its food more easily by having its beak curved, 
and if one were born with its beak strongly cm-ved, and 
which consequently flourished, nevertheless there would be 
a very poor chance of this one individual perpetuating its kind 
to the exclusion of the common form ; but there can hardly be 
a doubt, judging b}" what we see taking place under domesti- 
cation, that this result would follow from the preservation dur- 
ing many generations of a large number of individuals with 
more or less curved beaks, and from the destruction of a still 
larger number with the straightest beaks. 

It should not, liowever, be overlooked that certain varia- 
tions, which no one would rank as mere individual differences, 
fi-eqiiently recur, owing to a similar organization being simi- 
larly acted on — of winch fact numerous instances could be 
giv’cn with our domestic productions. In such cases, if a vary- 
ing individual did not actually transmit to its offspring its 
newiy-acquired character, it would undoubtedly transmit, as 
long as the existing conditions remained the same, a still 
stronger tendency to vary in the same manner. The condi- 
tions might indeed act in so energetic and dermite a manner as 
to lead to the same modification in all the individuals of the 
species without the aid of selection. But vve may suppose 
that the conditions sufficed to effect onlv a third, or fourth, or 
tenth part of the individuals ; and scv^eral such cases could be 
given ; for instance, it has been estimated b>' Graba that in the 
Faroe Islands about one-fifth of the guillemots, vviiich all breed 
together, consist of a well-marked v'ariety; and this wais for- 
merly ranked as a distinct species under the name of Uria 
lacrymans. Now, in such cases, if the v'ariation were of a ben- 
eficial nature, the original form would soon be supplanted by 
the modified form, through the survival! of the fittest 

With reference to the effects of intercrossing and of com- 
petition, it should be borne in mind that most animals and plants 
kcc]) to their ])ro])cr homes, and do not needlessly wander 
about ; we sec this cv'en with migratoiy birds, which almost 
always return to the same district. Consequently each newly- 
formed V’ariety would generally be at first local, as seems to 
be the eonnnon rule with v’arieties in a stale of nature ; so that 
siinilniiy-modificd individuals would soon exist in a small body 
together, and would often breed together. If the n(wv v'ariety 
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was successful in its ])attlc for life, it would slowly sj^rcad from 
a central spot, oompetiii" with and coiK|Ucring the unchanged 
individuals on the margins of an cvcrdiicreasing circle. But 
to the subject of intercrossing we shall have to return. It may 
l>e objected by those who have not attended to natural history, 
that the long-continued accumulation of individual diircrcnccs 
could not give rise to parts or organs which seem to us, and 
arc often called, new. But, as we shall hereafter find, it is dif- 
ficult to advance any good instance of a really new organ ; 
even so complex and perfect an organ as the eye can be shown t(' 
graduate downward into mere tissue sensitive to difihsed light 
It may be worth while to give another and more com])lex 
illustration of tlic action of natural selection. Certain plants 
excrete sweet juice, ajiparcntly for the sake of eliiniiiating* 
something injurious from their sap : this is cfiected, for in- 
stance, by glands at tlie base of the stipules in some Legunii- 
iiosa^, and at the backs of the leaves of the common laurel. 
Tliis juice, though small in quantity, is greedily sought by in- 
sects ; but their visits do not in any way benefit the plant. 
Now, let us suppose that the juice or nectar was excreted 
from the inside of the flowers of a certain number of plants of 
any species. Insects in seeking the nectar would get dusted 
with pollen, and would certainly often transport it from one 
fiower to another. The flowers of two distinct individuals of 
the same sjiecics would thus get crossed; and the act of cross- 
ing, as we have good reason to believe, would produce vigor- 
ous seedlings, which consequently would have the best chance 
of flourishing and surviving. The plants which produced flow- 
ers with the largest glands or nectaries, excreting most nectar, 
would oftenest be visited by insects, and would oft(‘uest be 
crossed ; and so in the long-run would gain the upper hand and 
form a local variety. The flowers, also, wliich had their sta- 
mens and pistils placed, in relation to the size and habits of the 
]>articular insect which visited them, so as to favor in any 
degree the transportal of the pollen, would likewise be favored. 
We might have taken the case of insects visiting flowers for 
th(‘ sake of collecting pollen instead of nectar; and as pollen is 
formed for the sole ])urposc of fertilization, its d('st ruction ap- 
pears to be a sinqfle loss to the plant ; yet if a little polliui 
were carried, at first occasionally and then habitually, by the 
pollen-devouring insects from flower to flower, and a cross thus 
effected, although nine-tenths of the ]>ollcn were destroyed, it 
might still be a great gain to tlio plant; and the individuals 
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which in'odnccJ more and more pollen, and had larger anthers, 
would ])e selected. 

AVIicn our plant, by the above process long continued, had 
been rendered highly attractive to insects, tliey would, unin- 
tentionally on their j^art, regularly carry pollen from flower to 
flower; and that they do this effectually, I could easily show 
by many striking facts. I will give only one, as likewise illus- 
trating one step in the separation of the sexes of plants. Some 
holl}'-trees bear. only male flowers, which have four stamens 
producing a rather small quantity of pollen, and a rudimentary 
pistil ; other holly-trees bear only female flowers ; these have 
a full-sized pistil, and four stamens with shrivelled anthers, in 
which not a grain of pollen can be detected. Having found 
a female tree exactly sixty yards from a male tree, I put the 
stigmas of twenty flowers, taken from difierent branches, under 
the microscope, and on all, without exception, there were a few 
pollen-grains, and on some a profusion. As the wind had set 
for several days from the female to the male tree, the pollen 
could not thus have been carried. The weather had been cold 
and boisterous, and therefore not favorable to bees, neverthe- 
less every female flower which I examined had been effectually 
fertilized by the bees, which had flown from tree to tree in 
searcli of nectar. But to return to our imaginary case : as 
soon as the plant had been rendered so highly attractive to 
insects that j^ollcn was regularly carried from flower to flower, 
another process might commence. No naturalist doubts the 
advantage of what has been called the “ physiological division 
of labor;” hence we may believe that it would l)e advanta- 
geous to a plant to produce stamens alone in one flower or on 
one whole plant, and pistils alone in another flower or on 
another plant. In plants under culture and placed under new 
conditions of life, sometimes the male organs and sometimes 
the female organs become more or less impotent ; now if we 
suppose this to occur in ever so slight a degree under Nature, 
then, as pollen is already carried regularly from flower to flower, 
and as a more complete separation of the sexes of our plant 
would be advantageous on the principle of the division of 
labor, individuals with this tendency more and more increased, 
would l)c continually favored or selected, until at last a com- 
plete separation of the sexes might be elfected. It would 
take u]i too much space to show the various steps, through 
diniorj)hisiu and other means, by which the separation of the 
sexes in jdants of various kinds is ajqxarently now in jirogress; 
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but I may add that some of the species of holly in North 
America are, according to Asa Gray, in an intermediate con- 
dition, or, as he expresses it, are more or less dioeciously po- 
lygamous. 

Let us now turn to the nectar-feeding insects. We may 
su])pose tlie plant, of which we liave been slowly increasing 
the nectar by continued selection, to be a common plant; and 
that certain insects depended in main part on its nectar for 
food. I could give many facts, sho^^^ng how anxious bees are 
to save time: for instance, their habit of cutting holes and 
sucking the nectar at the bases of certain flowers, which they 
can, witli a very little more trouble, enter by the mouth. 
Ifearing such facts in mind, it may be believed that, under ccr- 
iain circumstances, individual diflcrenccs in the curvature or 
length of the proboscis, eta, too sliglit to be appreciated by 
us, might profit a bee or other insect, so that certain individ- 
uals would be able to obtain their food more quickly than 
otlicrs ; and thus the communities to which they belonged 
would tlourish and throw off many swarms inheriting the same 
]')cculiarities. The tubes of the corolla of the common red and 
incarnate clovers (Trifoliuin prabmse and incarnatum) do not 
on a hasty glance appear to differ in length ; yet the hive-bee 
('an easily suck the nectar out of the incarnate clover, but not 
out of the common red clover, which is visited by humble-bees 
alone ; so that whole fields of the red clover in vain ofler an 
abundant sujqdv of precious nectar to the hive-bee. That this 
nectar is much liked by the hive-bee is certain ; for I have re- 
]>catcdly seen, but only in the autumn, many hive-bees sucking 
the llowei’s through holes bitten in the base of the tube by 
humble-bees. The diflcrencc in the length of the corolla in 
the two kinds of clov'cr, which determines the visits of the 
hive-bee, must bo very trifling ; for I have been assured that 
when red clover has been mown, the flowers of the second croj) 
a Hi s(unewhat smaller, and that these are visited by many 
hive-bees. T do not know whether this statement is accurate; 
nor whether another ]niblished statement can be trusted, namely, 
that the Ligurian b('c, which is generally considered a mere 
variety and which freely crosses with the common hive-bee, is 
able to. reach and suck the nectar of the common red clover. 
Thus, in a country where this kind of clover abounded, it might 
be a gri'at advantage to the hive-bee to have a slightly-longer 
or (liiren'iitly-constructed proboscis.. On the other hand, as 
the fertility of this clover absolutely depends on bees visiting 
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tlio (lowers, if Iniinblc-bees were to Ijceome rare in any country, 
it iniglit be a great advantage to tlie plant to have a shorter 
or iiKwe deejdy-divided corolla, so that the hive-bees should be 
induced to suck its flowers. Thus I can understand how a 
flower and a bee iniglit slowly become, either simultaneous!}- 
or one after the other, modified and adapted to each other in 
the most jjerfect manner, by the continued preservation of all 
the individuals which presented slight deviations of structure 
mutually favorable to eacli other. 

I am well aware that this doctrine of natural selection, 
exemplified in the above imaginary instances, is open to the 
same objections which were at first urged against Sir Charles 
Lyell’s noble ^dews on “ the modern changes of the earth, as 
illustrative of geology;” but we now seldom hear the agencies, 
still at work, spoken of as trifling or insignificant, when applied 
to the excavation of the deepest valleys or to the formation of 
long lines of inland cliffs. Natural selection acts only by the 
preservation and accumulation of small inherited modifications, 
each profitable to the preserved being; and as modern geolog}- 
has almost banished such views as the excavation of a great 
valley by a single dilunal wave, so will natural selection, if 
it be a true principle, banish the belief of the continued crea- 
tion of new organic beings, or of any great and sudden modifi- 
cation in their structure. 

On the Intercrossing of Individuals. 

I must here introduce a short digression. In the ease of 
animals and plants with separated sexes, it is of course obvi- 
ous that two individuals must always (with the exception of 
the curious and not well-understood cases of parthenogenesis) 
unite for each birth ; but in the case of hermaphrodites this is 
far from obvious. Nevertheless there is reason to believe that 
with all hermaphrodites two individuals, either occasionally or 
habitually, concur for the reproduction of their kind. This 
view was first suggested by Andrew Knight. We shall pres- 
(‘iitly sec its imjiortance : but I must here treat the subject 
with extreme brevity, though I have the materials prepared 
for an am])le discussion. All vertebrate animals, all in.sects, 
and some other large groups of animals, pair for each birth. 
Modern research has much diminished the number of supposed 
hermaphrodites, and of real hermaphrodites a large number 
|)air; that is, two individuals regadarly Tinite for reproduction. 
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which is all that concerns us. But still tliere are many her- 
niaj)hrodite animals which certainly do not habitually pair, and 
a vast majority of plants are hcrinaphroditcs. What reason, it 
may be ashed, is there for supposing’ in these cases that two 
individuals ever concur in reproduction? As it is impossibh^ 
here to enter on details, I must trust to some general consid- 
erations alone. 

In the first place, I have collected so large a body of facts, 
showing, in accordance with the almost universal belief of 
breeders, that with animals and plants a cross between dilfer- 
eiit varieties, or between individuals of the same variety but 
of another strain, gives vigor and fertility to tlie offspring ; 
and on the other hand, that close interbreeding diminishes vig- 
or and fertility ; tliat these facts alone incline me to believe 
that it is a general law of Nature that no org.anic being fertil- 
izes itself for a perpetuity of generations; but that a cross 
with another individual is occasionally — perhaps at long inter- 
vals of time — indispensable. 

On the belief that this is a law of Nature, we can, I think, 
understand several large classes of facts, such as the follow- 
ing, wiiich on any other view arc inexjdicablc. Every hybrid- 
izer knows how unfavorable exposure to wet is to the fertili- 
zation of a flower, }’ct what a multitude of flowers have their 
anthers and stigmas fully exposed to the weather ! If an 
occasional cross be indispensable, notwithstanding that the 
plant’s own anthers and pistil stand so near each other as 
almost to insure self-fertilization, the fullest freedom for the 
(‘iitrance of pollen from another individual will explain the 
above state of cx]^osure of the organs. I\Iany flowers, on the 
other hand, have their organs of fructification closely enclosed, 
as in the great papilionaceous or pea-family; but in most of 
th(\se flowers there is a curious adaptation between their struc- 
ture and the manner in which bees suck the nectar; for, in 
doing this, they cither push the flower’s own pollen on the 
stigma, or bring pollen from another flower. So necessary are 
the visits of bees to many ]iapilionaccous flowers, that 1 have 
found, 1)}" experiiiKMits jmblishcd clscwlu'rc, that their fertility 
is greatly diminished if these visits be j^revented. Now, it is 
S"*arcely possible that bees should fly from flower to flower, 
and not curry pollen from one to the other, to the great good, 
as I believe, of the plant. ]$ees Avill act like a camel-hair pen- 
cil, and it is quite siillicicnt just to touch the anthers of one 
flower and then the stigma of another with t!ic same brush to 
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insure fertilization ; but it must not be supposed tliat bees 
would thus produce a multitude of hybrids between distinct 
species; for if you bring on the same l)rusli a plant’s own pol- 
len and ]]ollen from another species, the former will have such 
a ]:>rciiotent ellect, that it will invariably and completely de- 
stroy, as has been shown bj^ Giirtner, any influence from the 
foreign pollen. 

AVhcn the stamens of a flower suddenly spring toward the 
pistil, or slowl}’ move one after the other toward it, the con- 
trivance seems adapted solely to insure self-fertilization; and 
no doubt it is useful for this end : but the agency of insects is 
often required to cause the stamens to spring forward, as Kol- 
rcuter lias shown to be the case with the barberry ; and in this 
very genus, which seems to have a special contrivance for self- 
fertilization, it is well known that, if closely-allied forms or 
varieties arc planted near each other, it is hardly possible to 
raise ]iure seedlings, so largel}^ do they naturally cross. In 
many other cases, far from there being any aids for self-fertili- 
zation, there are special contrivances, as I could show from the 
writings of C. C. Sprengcl and from my own observations, 
which clTectually prevent the stigma receiving pollen from its 
own flower: for instance, in Lobelia fiilgens, there is a really 
beautiful and elaborate contrivance by which all the infinite!}" 
numerous pollen-granules arc swept out of the conjoined an- 
thers of each flower, before the stigma of that individual flower 
is ready to receive them; and as this flower is never visited, at 
least in my garden, by insects, it never sets a seed, though by 
placing pollen from one flower on the stigma of another, I 
raised pleidy of seedlings ; and while another species of Lobe- 
lia growing close by, which is visited by bees, seeds freely. 
In very many other cases, though there be no special mechani- 
cal contrivance to prevent the stigma of a flower receiving its 
own pollen, yet, as C. C. Sprengel has shown, and as I can 
con linn, either the anthers burst before the stigma is ready for 
fertilization, or the stigma is ready before the pollen of that 
flower is retidy, so that these plants have in fact separated 
sexes, and must habitually be crossed. So it is with the recip- 
rocally dimorphic and triinorjdiio plants prcWously alluded to. 
How strange are these facts ! IIow strange that the ])ollen 
and stigmatic surface of the same flower, though placed so 
close together, ns if for the very ]nirposc of self-fertilization, 
should in so many cases be imitually useless to each other! 
How simply arc these facts explained on the view of an ocea- 
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sioiial cross with a distinct individual being advantageous or 
indispensable I 

If several varieties of the cabbage, radish, onion, and of 
some otlicr plants, be allowed to seed near eaeli other, a large 
majority, as I liave found, of the seedlings thus raised will 
turn out mongrels : for instance, I raised 233 seedling cab- 
bages from some jdants of dilTercnt varieties growing near 
each other, and of tliese only 78 were true to their kind, and 
some even of these were not perfectly true. Yet the pistil of 
each cabbage-flower is surrounded not only b}^ its own six sta- 
mens, but l)v those of tlu‘ many other flowers on the same plant; 
and the pollen of cacli flower readily gets on its own stigma 
without insect-agency ; for I have found that a plant carefully 
protected produced the full number of pods. IIow, then, 
comes it that such a vast number of the seedlings arc mongrel- 
ized? '1 suspect that it must arise from the pollen of a distinct 
varteff/ having a prejiotcnt clTect over a flower’s own pollen ; 
and that this is part of the general law of good being derived 
from the intercrossing of distinct individuals of the same spe- 
cies. When distinct species arc crossed the case is directly the 
reverse, for a ])lant’s own pollen is almost always prepotent 
over foreign pollen ; but to this subject we shall return in a 
future chapter. 

In the case of a large tree covered with innumerable flow- 
ers, it may be objected that pollen could seldom be carried 
from tree to tree, and at most only from flower to flower on 
the same trc'^, and that flowers on the same tree can be con- 
sidered as distinct indi\dduals only in a limited sense. I be- 
lieve this objection to be valid, but tliat Nature has largely ]^ro- 
vided against it by giving to trees a strong tendency to bear 
flowers with sejxiratcd sexes. AVhen the sexes arc separated, 
although the male and female flowers may be produced on the 
same tree, we can sec that pollen must be regularly carried 
from llow(T to flower ; and this will give a better chance of 
pollen being occasionally carried from tree to tree. That trees 
lielonging to all Onhu's have their sexes more often separated 
tlian other plants, I find to be the case in this country ; and at 
my request Dr. Hooker tabulated the trees of New Zealand, 
and Dr. Asa Gray those of the United States, and the result 
was as I anticipated. On the other hand. Dr. Hooker has re- 
cently informed me that he finds that the rule docs not hold in 
Australia ; and I liavc made these few remarks on the sexes of 
trees sinqfly to call attention to the stibjcct. 
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Turn In”* for ii very brief space to animals : on the land 
tliere arc some licrmaplirodites, as land-moll usca and eartli- 
worms ; but these all pair. As yet I have not found a single 
case of a terrestrial animal which fertilizes itself. AVc can un- 
derstand this remarkable fact, which olfcrsso strong a contrast 
with terrestrial plants, on the view of an occasional cross being 
indispensable, by considering the medium in which terrestriai 
animals live, and the nature of the fertilizing element; for we 
know of no means, analogous to the action of insects and of 
the wind in the case of plants, by which an occasional cross 
(•ould be effected with terrestrial animals, Avithout the concur- 
rence of two individuals. Of arpiatic animals, there arc man}" 
self-fertilizing hermaphrodites ; but here currents in the Avate? 
offer an obvious means for an occasional cross. And, as in the 
case of floAvers, I liaA'c as yet failed, after consultation Avith 
one of the highest authorities, namely. Prof. Huxley, to dis- 
cover a single case of an hermaphrodite animal Avith the organs 
of reproduction so perfectly enclosed within the body, that ac- 
cess from AAdthout and the occasional influence of a distinct in- 
dividual can be shown to bo physically impossible. Cirripedes 
long appeared to me to present a case of very great dilhculty 
under this ]ioint of view ; but I have been enabled, by a 
fortunate chance, elsewhere to proA'c that two indiAuduals, 
though botli arc self-fertilizing hermaphrodites, do sometimes 
cross. 

It must have struck most naturalists as a strange anomaly 
that, in the case of both animals and jflants, species of the same 
family and even of the same genus, though agreeing closely 
Avith each other in almost their Avholc organization, yet arc not 
rarely, some of them hermaphrodites, and some of them inii- 
scxiial. But if, in fact, all hermaphrodites do occasionally in- 
tercross Avith other individuals, the diflcrcncc between hcrmajfli- 
rodites and unisexual species, as far as function is concerned, 
Ijccomes A'cry small. 

From these scA"cral considerations and from the many spe- 
cial facts ^vhich I have collected, but Avhich I am not here a))le 
to give, I am strongly inclined to suspect that, both in the 
vegetable and animal kingdoms, an occasional intercross Avilh 
a distinct individual is a law of Nature. I am Avcll aware that 
there are, on this vicAV, many cases of dilliculty, some of which 
I am trying to investigate. Finally, then, we may conolnde 
that, in many organic beings, a cross between two indi\dduals 
is an obvious necessity for each l)irth ; in many others it occurs 
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perhaps only at long intervals; but in none, as I suspect, can 
self-fertilization go on for perpetuity. 



Circumstances favorable for the Production of New Porms 
through Natural Selection, 

This is an extremely intricate subject. A great amount of 
variability, under which term individual dilTcrenccs arc always 
included, will evidently be favorable. A large number of in- 
dividuals, by giving a better chance for the appearance of 
profitable variations within any given period, will compensate 
for a lesser amount of variability in each individual, and is, I 
believe, an extremely imjiortant element of success. Though 
Nature grants long periods of time for the work of natural se- 
lection, she docs not grant an indefinite period ; for, as all or- 
ganic-beings arc striving to seize on each ])lace in the economy 
of Nature, if any one species docs not become modified and im- 
proved in a corresponding degree with its competitors, it will 
be exterminated. Unless favorable variations be inherited by 
some at least of the offspring, nothing can be effected by nat- 
ural selection. The tendency to reversion may. often check or 
prevent the work ; but as this tendency has not prevented 
man from forming by selection numerous domestic races, why 
should it jircvail against natural selection ? 

In the case of methodical selection, a breeder selects for 
some definite object, and free intercrossing will wholly stop 
his work. But when many men, without intending to alter the 
breed, have a nearly common standard of perfection, and all 
try to procure and breed from the best animals, much improve- 
ment surely but slowly follows from this unconscious process 
of selection, notwithstanding a large amount of crossing with 
inferior animals. Thus it will be in Nature; for within a con- 
fined area, with some place in its polity not perfectly occu]ncd, 
natural selection will always tend to preserve all the individ- 
uals varying in the right direction, though in different degrees, 
so as better to fill up the unoccupied place. But if the area be 
very large, its several districts will almost certainly ]n*csent 
diflerent conditions of life ; and then, if the same species under- 
goes modilication in different ])aris, the newly-formed varieties 
will intercross on the confines of each district. But we shall 
see in the seventh chapter that intermediate varieties, inhabit- 
ing an intermediate district, whether the result of the crossing 
of other varieties, or originally formed with an intermediate 
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character, will in the long-run generally be supj^lantcd by one 
of the varieties on either hand. Intercrossing will aflect those 
animals most which unite for each birth and wander much, and 
which do not breed at a very quick rate. Hence with animals 
of this nature, for instance birds, varieties will generally be 
confined to separated countries ; and tins I find to be the case. 
AV^ith hennaphrodite organisms which cross onl}^ occasionally, 
and lilvcwisc with animals which unite for each birth, but which 
wander little and can increase at a very rapid rate, a new and 
imjiroved variety might be quickly formed on any one spot, 
and might there maintain itself in a body and afterward 
spread, so that the crossing would be chiefly between the indi- 
viduals of the new variety living together in tlic same place. 
On this principle, nurserymen always prefer saving seed from 
a large body of plants, as the chanee of intercrossing is thus 
lessened. 

Even in the case of animals which breed slowly and unite 
for each birth, we must not assume that the efleets of natural 
selection vdll always be immediately oveq^owered by free inter- 
crossing; for I can bring a considerable body of facts, shoving 
that, witljin the- same area, varieties of the same animal may 
long remain distinct, from haunting ditTcrent stations, from 
breeding at slightly-dilTerent seasons, or from varieties of the 
same kind prefenang to pair together. 

Intercrossing plays a very important part in Nature in keep- 
ing the individuals of the same species, or of the same variety, 
true and miifonii in character. It will obviously thus act far 
more ellicicntly with those animals which unite for each birth ; 
but as alread}^ stated we have reason to believe that occasional 
intercrosses take place with all animals and with all plants. 
Even if these take place only at long internals of time, the 
young thus produced will gaiu so much in vigor and fertility 
over the oflsjiring from long-continued self-fertilization, that 
they will have a better chance of surviving and propagat- 
ing their kind ; and thus, in the long-run, the influence of inter- 
crosses, even at rare intervals, will be great. If there exist 
organic beings which never intercross, uniformity of character 
can be retained among tliem, as long as their conditions of 
life remain tho same, only through tlic principle of inheritance 
and through natural selection destr 03 ung anv Avhich depart from 
the proper tvjie ; but if their conditions of life change and they 
undergo modification, unifonnil}' of character can be given to 
their modified ofl'spring, solely b}^ natural selection presersdng 
similar favoralfle variations. 
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Isolation, also, is an important clement in the cliangc.s 
cnect(Kl through natural selection. In a confined or isolated 
area, it* not vcrv larg(‘, the organic and inorganic conditions of 
life will generally be almost uniform; so that natural selection 
will tend to modify all the varying individuals of the same spe- 
ci(*3 in the same manner. Intercrossing with the inhabitants 
of the surrounding districts will, also, be prevented. Moritz 
AVagner has lately published an interesting essay on this sub- 
ject, and has shown that the service rendered by isolation in 
l)reventing crosses between newly-formed varieties is probably 
greater even than I have supposed. But from i-easons already 
assigned I can by no means agree with this naturalist, that 
migration and isolation are necessary for the formation of new 
species. The importance of isolation is likewise great in pre- 
venting, after any ])hysical change in the conditions, such as of 
climate, elevation of the land, etc., the iminignition of better- 
adapted organisms ; and thus new places in the n.atural econ- 
omy of the ilistrict arc left o]3en for the old inhabitants to strug- 
gle for and become adapted to. Lastly, isolation will give time 
for a new variety to be slowly improved ; and this may some- 
times be of imiiortance in the production of new species. If, 
however, an isolated area be very small, cither from being sur- 
rounded by barriers, or from having very peculiar phj^sical con- 
ditions, the total number of the inliabitants will be small; and 
this will retard the production of new species through natural 
selection, by decreasing the chances of the api)earance of favor- 
able indivitlual difierences. 

The mere lapse of time by itself does nothing cither for or 
against natural selection. I slate this because it has been 
erroiieously asserted that the clement of time has been assumed 
by me to play an all-important part in modifying species, as if 
all were necessarily undergoing change through the action of 
some innate law. Lapse of time is only so far important, and 
its importance in this respect is great, tliat it gives a better 
chance of beneficial variations arising, being selected, increased, 
and fixed, in relation to the slowly-changing organic and in- 
organic conditions of lift*. It likewise favors the definite action 
of the conditions of life. 

If we turn to Nature to test the truth of these reinark.s, and 
look at .any small, isolated area, such as an oceanic island, al- 
though the number of the dilh'rent s])ccie.s inhabiting it is small, 
as we shall see in our chapter on Geographical Distribution ; 
yet of the species a very large proportion are endemic — that is, 
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liavo ])ecu produced there, and nowhere else in the world. 
Hence an oceanic island at first sic^ht seems to have been 
Iiir^lily favorable for the production of new species. But wc 
may thus deceive ourselves, for, to ascertain whether a small, 
isolated area, or a large open area like a continent, has been 
most favorable for the production of new organic forms, wc 
ought to make the comparison witliin equal times; and this 
wc arc incajiable of doing. 

Although isolation is of great importance in the production 
of new sjiccies, on the whole lam inclined to believe that large- 
ness of area is still more important, especially for the produc- 
tion of species which shall prove capable of enduring for a long 
])criod, and of spreading widely. Throughout a great and open 
area, not only will there be a better chance of favorable varia- 
tions arising from the large number of individuals of the same 
species there supported, but the conditions of life arc much 
more complex from the large number of already existing spe- 
cies; and if some of these many species become modified and 
imj)rovcd, others will have to be improved in a corresponding 
degree, or they will be exterminated. Each new form, also, as 
soon as it has been much improved, ^^^ll be able to spread over 
the oj^en and continuous area, and will thus come into compe- 
tition with many others. ^Moreover, great areas, though now 
continuous, owing to former oscillations of level, will often 
have existed in a broken condition, so that the good eflccts of 
isolation will generally, to a certain extent, have concurred. 
Finally, I conclude that, although small isolated areas probably 
have been in some respects higlily favorable for the production 
of new species, yet that the course of modification will gener- 
ally have been more rapid on large areas ; and, what is more 
important, that the new forms ])roduced on large areas, which 
already have been victorious over many competitors, will be 
those that will s])read most widely, will give rise to most new 
varieties and species, and will thus ])lay the most iinjiortant 
part in the changing history of the organic world. 

AVe can, perhajjs, on these ’views, understand some facts 
which will be again alluded to in our chapter on Geographical 
Distribution ; for instance, that the ]woductions of the smaller 
continent of Australia are now yielding before those of the 
larger Eiirop.'eo- Asiatic area. Thus, also, it is that continental 
j>mdnctioiis have everywhere become so largely naturalizi'd on 
islands. On a small island, the race for life will have been less 
severe, and there will have been less modification and less ex* 
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termination. Hence, j^erhaps, it is Hint ilic flora of Madeira, 
nccordin"' to Oswald lleer, resembles the extinct tertiary flora 
of Hurope. All fresh-water basins, taken together, make a 
small area com])ared with that of the sea or of the land; and, 
consequently, the competition between fresh-water productions 
will have been less severe than elsewhere ; new forms will have 
l)ccn more slowly formed, and old forms more slowly extermi- 
nated. And it is in fresh water that avc find seven genera of 
Ganoid fishes, remnants of a once preponderant order : and in 
iVesh water we find some of the most anomalous forms now 
known in the world, as the Ornithorhynchus and Lepidosiren, 
M'hich, like fossils, connect to a certain extent orders at jircscnt 
widely scjiarated in the natural scale. These anomalous forms 
may be called living fossils; they have endured to the present 
day, from having inhabited a confined area, and having been 
exposed to less varied and therefore less severe competition. 

To sum up the circumstances favorable and unfavorable for 
the production of new species through natural selection, as far 
as the extreme intricacy of the subject permits. I conclude 
that for terrestrial productions a large continental area, which 
has undergone many oscillations of level, will have been the 
most favorable for the production of many new forms of life, 
fitted to endure for a long time and to spread widely. While 
the area existed as a continent, the inhabitants will have been 
numerous in individuals and kinds, and will have been subjected 
to severe competition. When converted by subsidence into 
large separate islands, there will still have existed many indi- 
viduals of the same sjjecies on each island : intercrossing on the 
confines of the range of each new species will have been 
checked: after physical changes of any kind, immigration will 
hav(; been prevented, so that new places in the polity of each 
island will have had to be filled up by modifications of the old 
inhabitants; and time w\\\ have been allowed for the varieties 
in each to become well modified and perfected. When, by 
renewc'd elevation, the islands were reconverted into a conti- 
mmtal area, there will again have been severe competition : 
the most favored or improved varieties will have been enabled 
to s])read : tlicre will have horn much extinction of the less 
improved fonns, and the relative ]n’0]>ortional numbers of the 
various inhabitants of the reunited continent will again have 
been changed; and, again, there will have been a fair field for 
natural selection to improve still further the inhabitants, and 
thus to produce new species. 
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That natural selection acts with extreme slowness I fully 
admit, TIic result depends on there being places in the polity 
of Nature, wliich can be better filled through some of the in- 
habitants of the country undergoing modifications of some kind. 
The existence of such places will often depend on physical 
changes, which arc generally ver^^ slow, and on the immigra- 
tion of better-adapted forms being checked. But the effects 
of natural selection will jwobably still oftencr depend on some 
few of the inhabitants becoming slowly modified ; the mutual 
relations of the other inhabitants being thus disturbed. Al- 
though all the individuals of the same species differ more or 
less from each other, differences of the light nature, better 
adapted to the then existing conditions, may not soon occur, 
Tlie results will often be greatly retarded by free intercrossing, 
i\Iany will exclaim that these sev’cral causes arc amply sulli- 
cient to neutralize the power of natural selection, I do not 
believe so. But I do believe that natural selection generally 
acts very slowly in effecting changes, at long intervals of time, 
and only on a few of the inhabitants of the same region, 1 
further liclieve that these slow, intermittent results of natural 
selection accord jicrfectly with what geology tells us of the 
rate and manner at which the inhabitants of the world have 
changed. 

Slow though the process of selection may be, if feeble man 
can do much by artificial selection, I can see no limit to the 
amount of change, to the beauty and infinite complexity of the 
coadaptatioiis between all organic beings, one with another and 
with their ph^’^sical conditions of life, which may be effected in 
the long coui‘se of time by Nature’s power of selection, or the 
survival of the fittest. 

Extinction caused hy Katural Selection, 

This subject will be more fully discussed in our chapter on 
Gcolog}' ; but it must be here alluded to from being inti- 
mately connected until natural selection. Natural selection 
acts solely through the jircscrvation of variations in some way 
advantageous, which consequently endure. Owing to the high 
geometrical ratio of increase of all organic beings, each area is 
already stocked with the full number of its existing inhabit- 
ants, and as most areas arc already stocked with a great diver 
sity of forms, it follows that, as each selected and favored form 
increases in number, so generally will the less favored forms 



Chat. IV. 



EXTINCTION BY NATURAL SELECTION. 



100 



decrease and become rare. Rarity, as geology tells us, is tlie 
precursor to extinction. AVe can, also, sec that any form rep- 
resented ])y fc\v individuals will, dining tluctuations in the sea- 
sons or in the number of its enemies, run a good chance of 
utter extinction. But we may go further than this ; for, as 
new forms are continually and slowly being produced, unless 
we believe that the number of spccilic forms goes on perpet- 
ually and almost indelinitely increasing, many inevitably must 
become extinct. That the number of specific forms has not 
indefinitely increased, geology tells us plainly; and we shall 
presently attempt to show why it is that the number of species 
throughout the world has not become immeasurably great. 

A\^e have seen that the species which arc most numerous in 
individuals have the best chance of producing favorable varia- 
tions within any given period. We have evidence of this, in 
the facts stated in the second chapter, showing that it is the 
common sjiccies which offer the greatest number of recorded 
varieties, or incipient species. Hence, rare species will be less 
({uickly modified or improved within any given period, and 
they ^vill consequently be beaten in the race for life by the 
mollified descendants of the commoner species. 

hTom the seseveral considerations I think it inevitably fol- 
lows, that, as new sjiccies in the course of time arc formed 
through natural selection, others will become rarer and rarer, 
and finally extinct. The forms which stand in closest compe- 
tition Avith those iindcrg;oing modification and improvement, 
will naturally suffer most. And we have seen in the chapter 
on the Struggle for Existence that it is the most closely-allied 
forms — varieties of the same species, and species of the same 
genus or of related genera — which, from having nearly the 
.same structure, constitution, and habits, generally come into 
the severest competition with each other. Consequently, each 
new variety or species, during the progress of its formation, 
will generally press hardest on its nearest kindred, and tend to 
(wterminatc them, ^^^c .see the same ]woccss of extermination 
among our domesticated jwoductions, through the selection of 
improved forms by man. Many curious instances could be given 
showing how quickly new breeds of cattle, sheep, and other 
animals, and varieties of flowers, take the place of older ami 
inferior kinds. In Yorkshin*, it is historically known that the 
ancient black cattle were displaced by the long-horns, and that 
these ‘‘ were swcjit away by the short-horns ” (I f[iiote the 
words of an agricultural writer) ‘^as if by some murderous pes- 
tilence.” 
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Dhcvgcncc of Character^ 

The principle, which I liavc dcsip^iiatcd by this term, is of 
higli iin])orlancc, and explains, as I believe, several important 
facts. In the first place, varieties, even strongly-marked ones, 
thoiigli liaving somewhat of the character of species — as is 
shown by the hopeless doubts in many cases how to rank 
them — 3'et certainly difler from each other far less than do 
good and distinct species. Nevertheless, according to my 
view, varieties arc species in the process of formation, or arc, 
as I have called them, incipient species. How, then, docs the 
lesser difference between varieties become augmented into the 
greater difference between species ? That this does habitually 
happen, we must infer from most of the innumerable species 
throughout Nature presenting well-marked differences; where- 
as varieties, the supposed j)rotot}']Dcs and jxarents of future 
well-marked species, jwesciit slight and ill-defined differences. 
Merc chance, as we may call it, might cause one variety to 
differ in some character from its parents, and the offspring of 
this variety again to differ from its parent in the ver}’ same 
character and in a gTcatcr degree ; but this alone would never 
account for so habitual and large a degree of difference as that 
between the species of the same genus. 

As has always been my ]wactice, I have sought light on 
this head from our domestic productions. We shall here find 
something analogous. It will be admitted that the produc- 
tion of races so different as short-horn and Hereford cattle, race 
and cart horses, the several breeds of pigeons, etc., could never 
have been cfl’ectcd by the mere chance accumulation of varia- 
tions of a similar character during many successive generations. 
In ijractice, a fancier is, for instance, struck by a pigeon having 
a slightly shorter beak ; another fancier is struck by a ]ugeon 
having a rather longer beak ; and, on the acknowledged prin- 
ciple that “ fanciers do not and will not admire a medium stand- 
ard, l^ut like extremes,” they both go on (as has actually oc- 
curred with the sub-breeds of the tumbler-pigeon) choosing and 
lireeding from birds with longer and longer beaks, or with 
shorter and shorter beaks. Again, we may suppose that at an 
early period one man preferred swifter horses ; another stronger 
and more bulky horses. The early differences would be very 
slight; in the course of time, from the continued selection of 
swifter horses by some breeders, and of stronger ones by others, 
the differences would become greater, and would be noted as 
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forinin;^ two siil>brecds ; (iiuilly, after the lapse of centuries 
the sul)-bre(‘(Is would become converted into two well-estab- 
lished and distinct breeds. As the dilfcrences slowly Ijecaine 
greater, the inferior animals with intermediate characters, being 
neither very swift nor very strong, would liavc been neglected, 
and will have disappeared. Here, then, we sec in man’s pro- 
ductions the action of what may be called the principle of 
divergence, causing differences, at first barely appreciable, 
steadily to increase, and the breeds to diverge in character 
both from each other and from their common parent. 

But how, it may be asked, can any analogous principle 
apply in Nature? 1 believe it can and docs apply most etli- 
cicntly (though it was a long time before I saw how), from the 
simple circumstance that the more diversified the descendants 
from any one species become in structure, constitution, and 
habrts, by so much will they be better enabled to seize on many 
and widely-diversified places in the polity of Nature, and so be 
enabled to increase in numbers. 

We can clearly discern this in the case of animals with 
simple habits. Take the case of a carnivorous quadruped, of 
which the number that can be supported in any country has 
long ago arrived at its full average. If its natural powers of 
increase be allowed to act, it can succeed in increasing (the 
country not undergoing any change in its conditions) only by 
its varying descendants seizing on places at present occupied 
by other animals : some of them, for instance, being enabled to 
feed on new kinds of prey, either dead or alive ; some inhabit- 
ing new stations, climbing trees, frequenting water, and some 
perhaps becoming less carnivorous. The more diversified in 
liabits and structure the descendants of our carnivorous animal 
br'came, the more places they would be enabled to occiqw. 
W^liat ap])lics to one animal will apply throughout all time to 
all animals — that is, if they vary — for other^nse natural selec- 
tion can effect nothing. So it will be with ]dants. It has been 
experiincntallv proved that, if a plot of ground be sown with 
one species of grass, and a similar plot be sown with several 
distinct genera of grasses, a greater number of plants and a 
greater weight of dry herbage can be raised by the latter pro- 
cess. The same has been founil to hold goocf when one va- 
riety and several mixed varieties of wheat have been sown on 
eipial spaces of ground. Hence, if any one sjiccies of grass 
were to go on varying, and those varieties were continually 
selected which differed from each other in at all the same man- 
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nor as tlistincl species and geiicra of grasses differ from eacli 
other, a greater miinber of individual plants of this species of 
grass, including its modified descendants, ^vould succeed in 
living on the same piece of ground. And we well know that 
each species and each variety of grass is annually sowing al- 
most countless seeds : and thus, as it may be said, is striving 
its utmost to increase its numbers. Conscciuently, in the course 
of many thousand generations, the most distinct varieties of 
any one species of grass would alwaj’s have the best chance of 
succeeding and of increasing in numbers, and thus of supplant- 
ing the less distinct varieties ; and varieties, when rendered 
very distinct from each other, take the rank of species. 

The truth of the principle that the greatest amount of life 
ran be supported by great diversification of structure, is seen 
under many natural circumstances. In an extremely small 
area, espcciall}^ if frcel}^ open to immigration, and where the 
contest between individual and individual must be severe, we 
always find great diversity in its inhabitants. For instance, I 
found that a piece of turf, three feet by four in size, which had 
been exposed for many years to exactly the same conditions, 
sup|)ortcd twenty species of plants, and these belonged to 
eighteen genera and to eight orders, which shows how much 
these plants differ from each other. So it is with tlie plants 
and insects on small and uniform islets ; also in small ponds 
of fresh water. Farmers find that they can raise most food l)y 
a rotation of plants belonging to the most diflerent orders : 
Nature follows what may be called a simultaneous rotation. 
iUost of the animals and ]fiants which live close round any 
small piece of ground, coukl live on it (supposing it not to be 
in any way peculiar in its nature), and may be said to be 
striving to the utmost to live there ; but, it is seen, that where 
they come into the closest competition with each other, the 
advantages of diversification of structure, Avith the accomjiany- 
ing differences of habit and constitution, determine that the 
inhabitants, which thus jostle each other most closely, shall, 
as a general rule, belong to what we call different genera and 
orders. 

The same principle is seen in the naturalization of plants 
through man’s agency in foreign lands. It might have been 
expected that the iilants Avhich would succeed in becoming 
naturalized in any land would generally have been closely 
allied to the indigenes ; for these arc commonly looked at as 
sj^cciall}' created and adapted for their own country. It might 
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also, pcrliaps, have been expected that naturalized i)lants would 
have bclonp^ed to a few groups more especially adapted to 
certain stations in their new homes. But the ease is very dif- 
ferent; and Alph. <lc Candolle has well remarked, in his gTcat 
and admirable work, that lloras gain by naturalization, propor- 
tionallj' with the number of the native genera and species, far 
more in new gmiera than in new species. To give a single 
instance: in the last edition of Dr. Asa Gra}’’s “ ^Manual of 
the Flora of the Northern United States,” naturalized 
}daiUs are enumerated, and these belong to 1G2 genera. AVe 
thus sec that these naturalized plants arc of a highly-iliversified 
nature. They dilfer, moreover, to a large extent, from the in- 
digenes, for, out of the 1G2 mituralized genera, no less than 100 
genera are not there indigenous, and thus a large j^roportional 
addition is made to the genera now living in the United States, 

Bv considering the nature of the plants or animals which 
have st niggled successfully with the indigenes of any country, 
and have there become naturalized, we may gain some crude 
id(‘a in what manner some of tlic natives would have to be 
modi lied, in order to gain an advantage over tlic other natives ; 
and we may at least safely infer that diversification of struc- 
ture, amounting to new generic dilTcrcnccs, would be profit- 
able to them. 

The advantage of diversification in the inhabitants of the 
same region is, in fact, the same as that of the pli 3 "siological 
division of labor in the organs of the same individual body — 
a subject so well elucidated by ^lilne Edwards. No physiolo- 
gist doubts that a stomach adapted to digest vegetable matter 
alone, or llcsh alone, draws most nutriment from these sub- 
stances. So in the general economy of any land, the more 
widely and perfectly the animals and jdants arc diversified for 
diHerent habits of life, so will a greater number of individuals 
be callable of there su]iporting themselves. A set of animals, 
with tlieir organization but little diversified, could liardly com- 
])ett; with a set more perfectly diversified in structure. It may 
be doubted, for instance, whether the Australian marsupials, 
which are divided into groups diflcring but little from each 
other, and feebly representing, as Mr. AVaterhouse and others 
have remarked, our carnivorous, ruininant, and rodent mam- 
mals, could successfully compete with tliesc wcll-pronoiinccd 
orders. In the Australian mammals, we see the process of 
diversification in an early and incomplete stage of develop- 
ment. 
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The Vrohahle Ilesults of the Action of K^atuml Selection 

ihrouffh Dlcerfience of Character and J^xtlnctlon^ in the 

JJescendanis of a Common Ancestor. 

After the foregoing discussion, which has been much com- 
[)resscd, wc ini}y assume that the modified descendants of any 
one s])ccics will succeed by so much the better as they become 
more diversified in structure, and arc thus enabled to encroach 
on places occu]:>ied by other beings. Now let us see how this 
principle of benefit being derived from divergence of character, 
combined with the princijdcs of i>atural selection and of ex- 
tinction, tends to act. 

The accompanying’ diagram will aid us in understanding 
this rather perplexing subject. Let A to L represent the spe- 
eics of a genus large in its own country; these species are 
supposed to resemble each other in unecpial degrees, as is so 
generally the case in Nature, and as is represented in the 
diagram by the letters standing at unequal distances. I have 
said a large genus, because wc have seen in the second chap- 
ter that, on an average, more of the species of large genera 
var}" tluin of small genera ; and the varying species of the 
large genera jirescnt a greater number of varieties. Wc have, 
also, seen that tiic species, which arc the commonest and the 
most widely-diffused, vary more than do the rare and restricted 
species. Let (A) be a common, widely-dijffused, and varying 
si;>ecics, belonging to a genus large in its own country. The 
branching and diverging dotted lines of unequal lengths pro- 
ceeding from (A), may represent its varying offspring. The 
variations arc supposed to be extremely slight, but of the most 
diversified nature ; they arc not supposed all to appear simul- 
taneousl}", but often after long intervals of time ; nor arc they 
all supposed to endure for equal periods. Only those varia- 
tions Avhich arc in some way profitable will be preserved or 
naturally selected. And here the importance of the ])rincijdc 
of benelit being derived from divergence of character comes 
in ; for this will generally lead to the most different or diver- 
gent variations (represented b}^ the outer dotted lines) being 
presiM’Vcd and accumulated by natural selection. When a dot- 
ted line readies one of the horizontal lines, and is there marked 
by a small numbered letter, a sufficient amount of variation is 
sujiposcd to have been accumulated to have formed a fairly 
w(‘ll-markcd variety, such as would be thought worthy of rec- 
ord in a systematic work. 
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The intervals between the horizontal lines in the clia^ani, 
may rejireseiit each a tliousand generations, or ten thousand. 
After a thousand generations, species (A) is supposed to have 
produced two hiirly well-marked varieties, namely a} and m*. 
'J'hese two varieties will generally continue to be exposed to 
tlic same conditions which made their jxirents variable, and 
the tendcMicy to variability is in itself hcrcditaiy, consccjucntly 
tho}^ will tend to vary, and generally to vary in neailv the 
same maimer as their parents v'ai-icd. j\[oreov(‘r, tliesc two 
varieties, being only slightly-modified forms, will tend to in- 
herit those advantages which made their parent (A) more 
numerous tlian most of tlie other inhabitants of the same coun- 
try ; they will likewise ])artakc of those more general advan- 
tages v/hich made the genus to whieh the parent-species be- 
longed a large genus in its own country. And these circum- 
stances we know to be favorable to the production of new 
varieties. 

If, then, these two varieties be variable, the most divergent 
of their variations will generally be preserved during the next 
thousand generations. Ainl after this interval, variety a) is 
supposed in the diagram to have produced variety which 
will, owing to the principle of divergence, differ more from (A) 
than did variety cd. Variety is supposed to have produced 
two varieties, namely and 5’, differing from each other, and 
more considerably from tlicir common parent (A). "Wo may 
continue the process b}' similar steps for any length of time ; 
some of the varieties, after each thousand generations, produ- 
cing only a single variety, but in a more and more modified con- 
dition, some jiroducing two or three varieties, and some failing 
tn produce any. Tims the varieties, or modified descendants, 
proceeding from the common parent (A), will generally go on 
increasing in number, and diverging in character. In the dia- 
gTam the ])rocess is represented up to the teii-tlioiisandth g(Mi- 
cratioii, and nnd('r a condensed and simplified form up to the 
fourleen-tliousandth generation. 

l>ut I must here remark that I do not suppose that the 
])rocess ever goes on so regularly as is represented in the dia- 
gram, though ill itself made somewhat irregular, nor that it 
goes on eontimiousl}’ ; it is far more probable that each form 
nanains for long periods niialtered, and then again under- 
goes modification. A^or do I suppose that the most di- 
vergent varieties are invariably jircscrvcd : a medium form 
may often long endure, and may or may not produce more 
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than one inodUird descendant; for natural selection 'svill al- 
ways act accordini^ to the nature of tlio jdaces which arc cither 
unoccu]>ied or not perfectly occupied by other l)cings ; and 
this will depend on infinitcly-coinplex relations. But, as a 
f^encral rule, the more diversified in structure tlie descendants 
from any one species can be rendered, the more ]daces they 
will be enabled to seize on, and the more their modified pro- 
^">'cny will increase. In our diagram the line of succession is 
In'oken at regular intervals by small numbered letters marking 
the successive forms which have become sufficiently distinct to 
be recorded as varieties. But these breaks are imaginary, and 
might have been inserted an^'^vhere, after intervals long 
enough to have allowed the accumulation of a considerable 
amount of divergent variation. 

As all the modified descendants from a common and wdde- 
ly-dilTused species, belonging to a large genus, will tend to 
partake of the same advantages which made their parent suc- 
cessful in life, they ^vill gcnerall}^ go on multipljdngin number 
as well as diverging in character: this is represented in the 
diagram by the several divergent branches proceeding from 
(A). The modified ofls[)ring from the latter and more highly- 
improved branches in the lines of descent, will, it is probable, 
often take the place of, and so destroy, the earlier and less im- 
})roved branches : this is represented in the diagram by some 
of the lower branches not reaching to the upper horizontal 
lines. In some cases I do not doubt that the process of modi- 
fication will be confined to a single line of descent, and the 
number of the descendants will not be increased; although the 
amount of divergent modification may have been increased in 
the successive generations. This case w'ould be represented in 
tlie diagram, if all the lines proceeding from (A) were removed, 
(‘xcepti ng tiiat from to In the same way, for instance, the 
English race-horse and English pointer have apparently both 
gone on slowly diverging in character from their original stocks, 
without either having given off any fresh branches or races. 

After ten thousand generations, species (A) is supposed to 
have produced three forms, and which, from hav- 

ing diverged in character during the successive generations, 
will have come to differ largely, but perhaps unequally, from 
each other and from their common parent. If we suppose the 
amount of change between each horizontal line in our diagram 
to be excessively small, these three forms may still be only 
wcll-markeil v’arieties ; but we have only to sujipose the stc]>s 
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in the process of inodificatlon to be more numerous or greater 
in amount, to convert these tliree forms into doubtful or at 
last Avell-defined species : thus the diagram illustrates the 
steps by Avliich the small dincrenccs distinguishing varieties 
are increased into tlie larger ditlerences distinguishing species. 
By continuing the same process for a greater number of gener- 
ations (as shown in the diagram in a condensed and simplified 
manner), \vc get eight s])ccics, marked liy the letters between 

and all descended from (A). Tims, as 1 believe, spe- 
cies are multiplied and genera arc formed. 

In a large genus it is probable that more than one species 
would vary. In the diagram I have assumed that a second 
species (I) has produced, by analogous steps, after ten thou- 
sand generations, cither two well-marked varieties and 
or two species, according to the amount of change supposed to 
be ‘rc])rcscnted between the horizontal lines. After fourteen 
thousand generations, six new s])ccics, marked by the letters 
91** to 2**, are supposed to have been produced. In any genus, 
the species which arc already very ditferent in character from 
each other will generally tend to produce the greatest num- 
ber of modilied descendants; for they will have the best 
chance of filling new and widely-different places in the polity 
of Nature: hence in the diagram I have chosen the extreme 
species (A), and the nearly extreme species (I), as those which 
have largely varied, and have given rise to new varieties and 
species. The other nine species (marked by capital letters) 
of our original genus, may for long but unequal periods con- 
tinue to transmit unaltered descendants; -and this is shown in 
the diagram by the dotted lines unequally prolonged upward. 

But during the process of modification, represented in the 
diagram, another of our principles, namel}", that of extinction, 
will have played an important part. As in each fully-stocked 
country natural selection necessarily acts by the selected form 
having some advantage in the struggle for life over other forms, 
there will be a constant tendency in the improved descendants 
of any one sj)ccies to supplant and exterminate in each stage 
of descent their predecessors and their original progenitor. 
For it should be remembered that the competition will gen- 
erally be most severe between those forms which arc most 
nearly related to each other in habits, constitution, and struc- 
ture. Ibmce all the intermediate forms between the earlier 
and later states, that is, between the less and more improved 
states of a s})ccies, as well as the original parent-s])ccies itself, 
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will generally tend to become extinct. So it probably will 
be with many whole collateral lines of descent, which will be 
conquered by later and improved lines of descent. If, how- 
ever, the modified offspring of a species get into some distinct 
country, or become quickly adapted to some quite new station, 
in which offspring and progenitor do not come into compe- 
tition, both may continue to exist. 

If, then, our diagram be assumed to represent a consider- 
able amount of modification, species (A) and all the earlier va- 
rieties will have become extinct, having* been replaced by eight 
new species (a" to ; and (I) will have been replaced 
by six to new species. 

But we may go further than this. The original species 
of our genus w’crc supposed to resemble each other in unequal 
degrees, as is so generally the case in Nature; species (A) 
being more nearly related to B, C, and D, than to the other 
species ; and species (I) more to G, H, K, L, than to the 
others. These two species (A) and (I) were also supposed to 
be very common and widely-diffused species, so that they must 
originally have had some advantage over most of the other 
species of the genus. Their modified descendants, fourteen in 
number at the fourteen-thousandth generation, will probably 
have inherited some of the same advantages : they have also 
licen modified and improved in a diversified manner at each 
stage of descent, so as to have become adapted to many related 
places .in the natural economy of their country. It seems, 
therefore, extremely probable that they will have taken the 
places of, and thus ’ exterm inatod, not only their parents (A) 
and (I), but likewise some of the original species which were 
most nearly related to their parents. Hence very few of the 
original species will have transmitted o£l*spring to the fourteen- 
thousandth generation. We may suppose that only one (F), 
of the two species (E and F) which were least closely related 
to the other nine original species, has transmitted descendants 
to tliis late stage of descent. 

The new species in our diagram, descended from the origi- 
nal eleven species, will now be fifteen in number. Owing to 
the divergent tendency of natural selection, the extreme 
amount of difference in character between species and 
will be much greater than that between the most distinct erf 
the original eleven s])ecics. The new species, moreover, wib 
be allied to each other in a widcly-diffcrcnt manner. Of the 
(‘iglit descendants from (A) the three marked will 



Chap. IV. 



KATUKAL SP:LECTI0X. 



119 



he nearly related from having reeently branched off from 

and from h.avinp^ diverged at an earlier period from 
wall be in some degree dislinet from the three first-named spe- 
cies; and lastly, o'\ and Avill be nearly' related one to 
the other, but, from having diverged at the first eommenee- 
ment of the process of modification, wall be Avidcly different 
from the other five species, and may constitute a sub-genus or 
a distinct genus. 

'IMic six descendants from (I) will form tAVo sub-genera or 
genera. But as the original species (I) differed largely from 
(A), standing nearly at the extreme end of the original genus, 
the six descendants from (I) Avill, o\Aang to inheritance alone, 
differ considerably from the eiglit descendants from (A) ; the 
tw’O groups, moreover, are supj^osed to liaA’C gone on diverging 
in different directions. The intermediate species, also (and 
this js a A’cry important consideration), Avhich connected the 
original species (A) and (I), have all become, excepting (F), 
extinct, and have left no descendants. Hence the six ncAV spe- 
cies descended from (I), and the eight descended from (A), 
wdll haA'c to be ranked as A’crj" distinct genera, or even as dis- 
tinct sub-families. 

Thus it is, as I belicA'C, that Iavo or more genera arc pro- 
duced, b}^ descent Avith modification, from tAVO or more species 
of the same genus. And the tAVO or more parent-species are 
su]iposcd to liaA'c descended from some one species of an ear- 
lier genus. In our diagram, this is indicated by the broken 
lines, beneath the capital letters, converging in sub-branches 
doAvnward tow^ard a single point; tliis point representing a 
single species, the supposed progenitor of our several ncAv sub- 
genera and genera. 

It is w'orth Avhile to reflect for a moment on the cliaracter 
of the ncAv species f’*, Avhich is supposed not to liaA'c di\’crg(‘d 
much in character, but to have retained the fonn of (F), either 
unaltered or altered 011I3' in a slight degree. In this case, its 
aflinitics to the other fourteen new^ species Avill be of a curious 
and circuitous nature. ILiA'ing de.sccnded from a form Avhich 
stood betw’cen the tw'o parent-species (A) and (T), now' sii]> 
posed to be extinct and unknoAvn, it Avill be in some degree in- 
termediate in character betw'cen the tw’o groups descended 
from these species. But as these tw'o groups Ikia’c gone on 
diverging in character from the t\']ie of their parents, the ncAV 
species (r'^) will not be directly intermediate betAveen them, 
but rath(*r between tyjios of the tw'o groups; and every 
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naturalist will be able to bring some sucli case before liis 
iniiul. 

Ill the diagram, each horizonal line has hitherto been sujv 
posed to represent a thousand generations, but each may rep- 
resent a million or several million generations ; it may also 
represent a section of the successive strata of the earth’s crust 
including extinct remains. * VVe shall, when we come to our 
chapter on Geology, have to refer again to this subject, and I 
think we shall then see that llie diagram throws light on the 
alhnities of extinct beings, which, though generally belonging 
to the same orders, or families, or genera, with those now liv- 
ing, yet are often, in some degree, intermediate in character 
between existing groups ; and we can understand this fact, for 
the extinct species lived at very ancient epochs when the 
branching lines of descent had diverged less. 

I see no reason to limit the process of modification, as now 
explained, to the formation of genera alone. If, in the diagram, 
we supjiosc the amount of change represented by each succes- 
sive group of diverging dotted lines to be great, the forms 
marked those marked and/’**, and those marked 

o** to will form three very distinct genera. We shall also 
have two very distinct genera descended from (I), diflering 
widely from the descendents of (A). These two groups of 
genera will thus form two distinct families, or orders, accord- 
ing to the amount of divergent modification sup]iosed to be 
represented in the diagram. And the two new families, or 
orders, are descended from two species of the original genus, 
and these are supposed to be descended from some still more 
ancient and unknown form. 

We have seen that in each country it is the species belong- 
ing to the larger genera which oftenest present varieties or in- 
cipient species. This, indeed, might have been expected ; for 
as natural selection acts through one form having some advan- 
tage over other forms in the struggle for existence, it will 
chiefly act on those which already have some advantage; and 
the largeness of any group shows that its species have inherited 
from a common ancestor some advantage in common. Hence, 
the struggle for the prcHluction of new and modified descend- 
ants will mainly lie between the larger groups which arc all 
trying to increase in number. One large group will slowly 
coiujuer another large group, reduce its numbers, and thus les- 
S(Mi its chance of further variation and improvement. A\’^ithin 
the same large group, the later and more highly-perfected sub- 
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p^roiips, from brai^cliiii"' out and seizin"" on many new planes in 
llic polity' of Nature, will constantly tend to supplant and de- 
stroy tlic earlier and less-imp/roved siib-p^roups. Small and 
broken o*roups and siil>^rou])s will tinally disapjicar. Lookinp^ 
to the future, we can i)rediet that tlie groups of organic beings 
wliieb are now large and triiinipbant, and which. are least 
broken u]:>, that is, wliich as yet have sulfcrcd least extinction, 
will for a long period continue to increase. But which grou])S 
will ultimately prevail, no man can predict; for we well know 
that many groups formerly most extensively developed, have 
now become extinct Looking still more remotely to the 
future, we may jwedict that, owing to the continued and steady 
increase of the larger groups, a multitude of smaller groups will 
become utterly extinct, and leave no modified descendants; 
and consccpicntl}" that, of tbe species living at any one period, 
extremely few will transmit descendants to a remote futurity. 
1 shall have to return to this subject in the chapter on Classili- 
eation, but I may add that as according to this vdew extremely 
f('W of the more ancient species have transmitted descendants, 
and as all the descendants of the same species form a class, we 
can understand how it is that there exist so few classes in each 
main division of the animal and vegetable kingdoms. Although 
f(‘W of the most ancient species have left modified descendants, 
yet, at remote geological j^eriods, the earth may have been 
almost as well ])copled with species of many genera, families, 
orders, and classes, as at the present day. 

On the J)cfjrce to which Organization tends to adcance. 

Natural Selection exclusively acts by the preservation and 
accumulation of variations, which arc beneficial under the or- 
ganic and inorganic conditions of life to which each creature is 
(‘xposed at each successive period of life. The ultimate result 
is, that each creature tends to become more and more improved 
in relati<m to its conditions. This improvement inevitably 
l(*ads to the gradual advancement of the organization of the 
greater number of living beings throughout the world. But 
h(*r<' w<' enter on a ver^^ intricate subject, for naturalists have 
not defined to each other’s satisfaction what is meant by an 
advance in organization. Among the vertebrata the degi*ee of 
intellect and approach in structure to man clearly come into 
play. It might be thought that the amount of change which 
the various ])arts and organs ]iass through in their develop 
0 
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ineiit IVoni the einl>ryo to maturity would suHicc as a standard 
of comparison; but there arc cases, as with certain parasitic 
crustaceans, in which several parts of the structure become 
less ])crfect, so that the mature animal cannot be called hig'her 
than its larva. A^on Baer's standard seems the most widely 
applicable and the best, namely, the amount of diflerentiation 
of the dillerent parts of the same organic being, in the adult 
state as I should be inclined to add, aud their specialization 
for dificrent functions ; or,*as Milne Edwards would express it, 
the completeness of the division of jiliysiological labor. But we 
shall see how obscure this subject is if we look, for instance, to 
fish, among which some naturalists rank those as highest which, 
like the sJiarks, approach nearest to amphibians ; while other 
naturalists rank the common bony or telcostean fishes as the 
highest, inasmuch as they are most strictly fish-like, and differ 
most from the other vertebrate classes. Still more plaiidy we 
sec the obscurity of the subject by turning to plants, among 
whicii the standard of intellect is of course eptite excluded ; and 
here some botanists rank those plants as highest which have 
every organ, as sepals, jietals, stamens, and pistils, fully deveb 
oped in each llower ; whereas other botanists, probably with 
more truth, look at the plants which have their several organs 
much modified and reduced in number as the highest. 

If we take, as the standard of high organization, the 
amount of differentiation and specialization of the several or- 
gans in each being when adult (and this will include the ad- 
vancement of the brain for intellectual purposes), natinal selec- 
tion cleaily leads toward higlmess ; for all physiologists admit 
that the specialization of organs, inasmuch as they perform in 
this state their functions better, is an advantage to each being; 
and hence the accumulation of variations tending toward spe- 
cialization is within the scope of natural selection. On the 
other hand, we can see, l)caring in mind that all organic beings 
are striving to increase at a high ratio and to seize on every 
ill-occupied place in the economy of Nature, that it is cpiite pos- 
sible for natural selection gradually to fit an organic being to 
a situation in whicli several organs would be superfluous or 
useless : in such eases there might he retrogression in the scale 
of organization. \Vhcther organization on the Avholc has 
actually advanced from the remotest geological ])criods to the 
present day will be more conveniently discussed in our chapter 
on Geological Succession. 

But it may lie objected that, if all organic Ijcings thus tend 
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to rise in tlie scale, how is it that throughout the world a niuh 
titude of the lowest forms still exist; and how is it that in 
each ^rcat class some forms are far more hic^hly developed than 
others ? Why have not the more highly-developed forms 
everv\vhcrc supplanted and exterminated the lower? Lamarck, 
who l^elieved in an innate and inentable tendency toward per- 
fection in all organic beings, seems to have felt this didiculty 
so strongly, that he was led to suppose that new and simple 
forms are continually being produced by spontaneous genera- 
tion. Science, however, under her present aspect does not 
countenance the belief, whatever the future may reveal, that 
living creatures are now being generated. On our theory the 
continued existence of lowly organisms offers no difficulty ; for 
natural selection, or tlie survival of the fittest, does not neces- 
sarily include jirogressive development — it only takes advan- 
tage of ‘such variations as arise and are beneficial to each crea- 
ture under its complex relations of life. And it may be asked 
what advantage, as far as we can sec, would it be to an infu- 
sorian animalcule — to an intestinal worm — or even to an earth- 
worm, to be highly organized ? If it were no advantage, these 
forms would be left by natural selection unimproved or but 
little improved; and might remain for indefinite ages in their 
present little advanced condition. And geology tells us that 
some of the lowest forms, as tlie infusoria and rizopods, have 
remained for an enormous ’period in nearly their present state. 
But to suppose that most of the many now existing low forms 
have not in the least advanced since the first dawn of life 
would be rasli ; for every naturalist who has dissected some of 
the beings now ranked as very low in the scale, must have 
been struck Avith their really Avondrous and beautiful organ- 
zalion. 

Nearly the same remarks arc applicable if Ave look to the 
difVerent grades of organization Avi thin each great group; for 
instance, in the A'crtelirata, to the coexistence of mammals and 
fish — among maimualia, to the coexistence of man and the 
ornithorliyuehus — among fishes, to the coexistence of the shark 
and lancelet (Ih-anchiostoma), Avhich latter fish in the cxtreiiK! 
sim])licity of its strncliirc approaches the invertebrate classes. 
But mammals and fish hardly come into competition Avlth each 
otlier ; the adA’aneemciit of the whole class of mammals, or of 
(certain members in this class, to the highest grade Avould not 
l(‘ad to th(Mr taking the place of, and thus exterminating, fishes. 
Physiologists believe that the brain must be bathed by warm 
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blood to be liiglily active, and this I'cquires aei ial respiration ; 
so tliat warm-blooded mammals when inhabiting the water live 
under some disadvantages in comparison with lishes. In this 
latter class, members of the shark family would not tend to 
sn]qdant the lancclet ; for the lancelet, as I hear from Fritz 
iUiiller, has, as sole companion and competitor on the barren, 
sandy sliore of South Brazil, an anomalous annelid. The three 
lowest orders of mammals, namely, marsupials, edentata, and 
rodents, coexist in South America in the same region with 
ruimeroiis monkeys, and probably interfere little witii each 
other. Althougli organization, on the whole, may have ad- 
vanced and be still advancing throughout the world, yet the 
scale will always present many degrees of perfection; for the 
high advancement of certain whole classes, or of certain mem- 
bers of each class, does not at all necessarily lead to the ex- 
tinction of those grouj^s with which they do not enter into 
close competition. In some cases, as we shall hereafter see, 
lowly-organized forms a])]iear to have been ]’>reserv’ed to the 
present day from inhabiting confined or peculiar stations, where 
they have been subjected to less severe competition, and where 
their scanty numbers have retarded the chance of favorable 
variations arising. 

Finally, I believe that many lowl3'-organized forms now 
exist throughout the woild, from various causes. In some 
cases variations or individual ditlercnces of a favorable nature 
may never have arisen for natural selection to act on and 
accumulate. In no case, probabl}’, has time sulHced for the 
utmost ])ossible amount of development. In some few cases 
there has l>een what we must call retrogression of organization. 
But the main cause lies in the fact that \mder veiy simple con- 
ditions of life a high organization would be of no service — 
posslbl}’ would be of actual disservice, as being of a more 
(]eli(Nite nature, and more liable to be put out of order and 
injured. 

Looking to the first dawn of life, when all organic beings, 
as we ma}' lielieve, presented the siin]dest structure, how, it 
lias lieen asked, could the first ste]is in the advancement or 
dilVerentiation of parts have arisen? jNIr. Herbert Sjiencer 
would iirobablj^ answer that as soon as simple unicellular or- 
ganism came b}^ growth or division to be com]ioimded of sev- 
eral cells, or became attached to any supjKwting surface, his 
law “ tliat homologous units of any order become diflerentiated 
in pi‘0])ort ion as tlieir relations to incident forces become ditler- 
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ent,” would come into action. But as we have no facts to 
guide us, all speculation on the subject is useless. It is, how- 
ever, an eiTor to sup|)osc that there would be no struggle for 
existence, and, consequently, no natural selection, until many 
forms had been ju’oduccd : variations in a single s])ecics in- 
habiting an isolated station might be beneficial, and thus the 
whole mass of individuals might be modified, or two distinct 
forms might arise. Ibit, as I remarked toward the close of the 
Introduction, no one ought to feel surprise at much remaining 
as yet unexjdained on the origin of species, if we make due 
idlowancc for our jirofound ignorance on the mutual relations 
of the inhabitants of the world during the past epochs in its 
histor3'. 

Yarious Objections considered, 

I will here notice a few miscellaneous objections which 
nave been advanced against my views, as some of the ])rcvious 
discussions may perhaps thus be made clearer; but it Avoid d 
be useless to discuss all of them, as many haA^e l)ccn made by 
Avriters Avho hai'c not taken the trouble to understand my A’icAvs. 
Thus a distinguished German naturalist has recently assorted 
that the Aveakest part of my theory is, that I consider all or- 
ganic beings as imperfect: Avhat I hai’c really said is, that all 
are not as ])orfect in relation to their conditions as they might 
be ; and this is shown to be the case by so many native forms 
in many quarters of the Avorld }’ielding their places to intrud- 
ing foreigners Avhich haAX become naturalized. Nor can all 
organic beings, caxu if they Avere at any one time perfectly 
adapted to their conditions of life, remain so, Avhen the condi- 
tions slowly change, unless they likewise change; and no one 
Anil dispute that the ])h}'sical conditions of each country, as 
Avell as the numbers and kinds of its iidiabitants, arc liable to 
change. 

It has been argued that, as none of the animals and plants 
of Egv]d, of Avhich we know any thing, haA^e changed during 
the last 3,000 y(‘ars, so ])robably none have been modified in 
any otlnw part of the Avorld. The many animals Avhich have 
remained unchanged since the commencement of the glacial 
period Avould ha\'e been an incomparably stronger case, fur 
these hnA'c been exposed to great changes of climate and have 
migrated over great distances; Avhereas, in Egy])t, during the 
last 3,000 years, the conditions of life, as far as avc knoAV, have 
remained absolutidy uniform. The fact of little or no modifi- 
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ciition haviiip;* been cflected since the glacial period would 1x3 
of some avail ai^ainst tliosc wlio believe in an innate and 
necessary law of development, Imt is powerless ag’ainst the 
doctrine of natural selection or the survival of the fittest, which 
implies only that variations or individual differences of a favor- 
able nature occasionally arise in a fe\v sjiecies, and arc then 
preserved. 

It has been olijected, if natural selection be so powerful 
an agent, why has not this or that organ been moditied and 
improved? Why has not the proboscis of the hive-bee been 
lengthened so as to reach the nectar of the red-clover ? Why 
has not the ostrich acquired the power of tlight? 1 kit grant- 
ing that these j^arts and organs have varied in the right direc- 
tion — granting that there has been time sufficient for the slow 
work of natural selection, the effects being often checked, as 
tliey will be by intercrossing and the tendency to reversion, 
who will pretend that he knows the life-history of any one 
organic being sufficiently well to say that any particular change 
would be, on the whole, to its advantage ? Can we feel sure 
that a long proboscis would not be a disadvantage to the hive- 
bee in sucking the innumerable small llowcrs which it fre- 
quents ? Can we feel sure that a long proboscis would not, 
by correlation, almost necessarily give increased size to other 
})arts of the mouth, perhajis interfering with the delicate cell- 
constructing work ? In the case of the ostrich, a moment’s 
rcffection will show what an enormous supply of food would 
be necessary to supply force for this bird of the desert to move 
its huge body through the air. liut such ill-considered objec- 
tions arc hardly worth notice. 

The celebrated paleontologist, Broun, at the close of his 
German translation of tliis work, asks, how, on the principle 
of natural selection, can a variety live side by side with the 
parent-s])ecics ? If both have become fitted for slightly-differ- 
ciit habits of life or conditions, they might live together; 
though, in the case of animals which freely cross and grander 
much about, varieties seem to be almost always confined to 
distinct localities. But if we jiiit on one side polymorphic 
species, in which the variability seems to be of a peculiar na- 
ture, and all mere temporary variations, such as size, albinism, 
etc., tlic more permanent varieties arc generally found, as far 
as I can judge, inhabiting distinct stations, Iiigli land or low 
laud, dry or moist districts, or distinct regions. Broun also 
insists that distinct species never differ from each otlier only 
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ill single clmracters, but in many parts; and lie asks, liow it 
comes that natural selection should invariabl>^ have aH'octcd 
simultaneously niaiiy parts of the organization? But there is 
not the least necessity for believing that all the parts have been 
simultaneously modified; they may have been gained one after 
the other, and from being transmitted together, they appeal 
to us as if simultaneously formed. Correlation, howcvci’, will 
account for various parts changing, when any one part changes. 
^Vc have e\ddence of this in our domestic races, which, though 
they may difler greatly in some one selected character, always 
dilfer to a certain extent in other characters. 

Broun, again, asks how natural selection can account for 
diflercnccs between species, which appear to be of no service 
to these species, such as the length of the ears or tail, or the 
folds of the enamel in the teeth, of the several species of hares 
and mive? AV’^ith respect to plants, this subject has been 
recently discussed by Niigcli in an admirable essay. He admits 
that natural selection 1ms cfTcctcd much, but he urges that the 
families of plants difler chiefly from each other in morphologi- 
cal characters, which seem quite unimportant for the welfare 
of the s])ccies. lie consequently believes in an innate ten- 
dency to^vard perfection or ])rogrcssivc development. lie 
specifics the arrangement of the cells in the tissues, and of the 
leaves on the axis, as cases in which natural selection Avould 
fail to act. To these may be added the numerical divisions 
in the parts of the flower, the position of the o^^ilcs, the shape 
of the seed, when not of any use for dissemination, ctc^ Prof. 
AVcismann, in discussing Na'gcli’s essay, accounts for such dif- 
f(M-cnces by the nature of the \mrying organism under the action 
of certain conditions ; and this is the same with what I have 
called the direct and definite action of the conditions of life, 
causing all or nearly all the individuals of the same species to 
vary in the same manner. When we remember such eases as 
tlie formation of the more complex galls, and certain monstros- 
ities, which cannot be accounted for by reversion, cohesion, 
ole., and sudden strongly-marked deviations of stnicture, such 
as the appearance of a moss-rose on a common rose, we must 
admit that the organization of the individual is cajiable through 
its own laws of growth, under certain conditions, of undergoing 
great modifications, ind(*pendcntly of the gradual accumulation 
of slight inherited modifications. A'arious morphological dilTer- 
cnccs probably come under this head, to which we sliall recur; 
but many diflercnccs may at the present time be of high scr- 
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vice, or may formerly have Ix'cn so, although >ve arc not able 
to ])crceive their use ; and these will have been acted on by 
natural selection. A still larger number of morjdiological dif- 
ferences may certainly be looked at as the necessary result — • 
through pressure, the withdrawal or excess of nutriment, an 
early-formed })art affecting a part subsccpiently developed, cor- 
relation, etc. — of other adaptive changes, through wliich all 
species must have passed during their long course of desccuf 
and modilicatioii. 

No one will maintain that we as yet know the uses of all 
the paids of any one plant, or the functions of each cell in any 
one organ. Five or six years ago, endless peculiarities of 
structure in the flowers of orchids, great ridges and crests, and 
the relative positions of the various jiarts would have been con 
sidcred as useless moqfliological diflercnccs ; but now we know 
that they are of great service, and must have been under the 
dominion of natural selection. No one at present can explain 
why the IcJivcs in a spire diverge from each other at certain 
angles ; but we can see that their arrangement is related to 
their standing at ccpial distances from the leaves on all sides; 
and we may reasonably expect that the angles will hereafter 
1)C shown to follow from some such cause, as the addition of 
new leaves to the crowded spire in the bud, as inevitably as 
the angles of a bee’s cell follow from the manner in which the 
insects work together. 

In certain whole groups of ])lants the ovules stand erect, 
and in others they arc suspended ; and in some few plants 
within the same ovarium one ovule holds the former and a sec- 
ond ovule the latter position. These positions seem at first 
piircly moqihological and of no physiological signification ; 
but 1 )r. Hooker informs me that, of the ovules withiu the same 
ovarium, in some cases the upper ones alone and in other cases 
the lower ones alone arc fertilized ; and he suggests that this 
probably depends on the direction in which the pollen-tubes 
enter. If so, the position of the ovules, even when one is erect 
and the other suspended, would follow from the selection of any 
slight deviation in position which might favor their fertilization 
and the jirodiiction of seed. 

Several plants belonging to distinct orders habitually pro- 
duce flowers of two kinds — the one ojieii and of the onlinary 
structure, the otluT closed and imperfect. In the latter the 
]>etals are almost alwa^'s reduced to the merest mdiments ; the 
j)ollen-gniiiis are reduced in diameter; five of the alternate 
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st:uncn.s are nuliiiicnttiiy in Ononis coliiinna 3 ; and in some spe- 
cies of Viola llirOc stamens arc in tins state, tNVO retainini^ their 
])roper function, but l)cing of very small size. Tu six out of 
ihirty of the elosed tlowers in an Indian violet (name unknown, 
for tlie plants have not as yet ])roduccd perfect flowers), the 
sepals were reduced from the normal number of five to three. 
In onescetion of llie Malj)i;^hiacea2 the closed flowers, according 
to A. dc Jussieu, arc still further modified, for the five stamens 
which stand opi)Ositc to the sepals arc all aborted, a sixth 
stamen standing o])posite to a [)ctal being alone devclo])cd; 
and this stamen is not present in the ordinary flowers of these 
species ; the style is aborted ; and t!ic ovaria are reduced from 
tlirec to two. In all the foregoing plants the minute closed 
flowers are of high service, for they yield with ]>erfect security, 
and witli the expenditure of extremely little pollen, or otlier 
organized matter, a large siij)ply of seed; while the perfect 
flowers permit occasional crosses with distinct individuals. 
Therefore, these changes may have been, and no doubt have 
been, efiected through natural selection; and I may add that 
ncarl}' all the gradations between the perfect and imperfect 
flowers uwiy sometimes be observed on the same plant. 

With respect to modifications which necessarily follow from 
other changes — through the withdrawal or excess of nutriment 
— through pressure and other unknown iiitlucnces — there is 
space here only for a few brief illustrations. In the Spanish 
chestnut, and in certain fir-trees, the angles of divergence of 
the leaves differ, according to Schacht, in the nearly horizontal 
and in the upright branches. In the common rue and some 
other ])lants, one flower, usually the central or terminal one, 
opens tlrst, and has five sepals and petals, and five divisions to 
the ovarium ; wliilc all the other tlowers on the ]dant arc te- 
irainerous. In the Britisli Adoxa tlic uppermost tlowcr gener- 
ally has two calyx-lobes with the other organs tetramcrous, 
while the surrounding tlowers generally have tlirec cal3^x-lohes 
with tin' other organs jicntaincrous ; and this dillerencc aj^pears 
to follow from the manner in whicli the tlowers arc closel>' 
]nrk('d tog('ther. In maii}^ Composite and Umbel lifer.a?, and 
ill soim' Ollier plants, tlie circumferential flowers have their 
corollas much more developed than those of the centre; and 
this is probabl}^ tlu' result (^f natural selection, for all the 
flowers arc tluis rendered much more conspicuous to those in- 
sects which are useful or cvt'ii necessary for their fertilization. 
In connection with the greater development of the corolla, the 
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n'prodiictivc organs are frequently more or less aborted. It is 
a more curious fact that the achenes or seeds of the circiim- 
fenaice and of the centre sometimes diifer gi'catly in fonn, 
color, and other characters. In Carthamus and some othei 
Conq>ositm the central achenes alone are furnished with a pap* 
jms ; and in Hyoseris the same head }'iclds achenes of three 
dilVerent forms. In certain Umbelliferai the exterior seeds, ac- 
cording to Tansch, are orthospermous, and the central one 
('celospermous, and this diflbrence has l)ecn considered by De 
Candolle as of the highest systematic importance in thefamil}’. 
If in such cases as the foregoing all the leaves, flowers, fruits, 
etc., on the same plant had been subjected to precisely the 
same external and internal conditions, all no doubt would have 
presented the same moqihological characters ; and there clearly 
would have been no need to call in the aid of the principle of 
]wogressive development. ^Vith the minute closed flowers, as 
well as vdth many degraded parasitic animals, if it be assumed 
that any such aid is requisite, wc should have to call in an in- 
nate tendency to retrogressive development. 

Many instances could be given of morphological cliaracters 
varying greatly in jdants of the same species growing close 
together, or even on the same individual plant; and some of 
these characters are considered as systematically important. 
I will specify only a few cases which have first occurred to me. 
It is not necessary to give instances of flowers on the same 
jdant being indillcrently tctramcrous, pentamerous, etc. ; but 
as when the parts are few, numerical variations arc in all cases 
comparatively rare, I may mention that, according to De Can- 
dolle, the flowers of Papaver bractcatum offer two sepals with 
four petals (and this is the common type vuth pojipies), or 
three sej^als with six petals. The manner in which the petals 
are folded in the bud is in most groups a constant mor])ho- 
logical character ; but Prof. Asa Gray states that with some 
s])ccics of ^Mimulus, the rostivation is almost as frequently that 
of the lihinanthidea) as of the Antirrhinidem, to which tribe 
the genus belongs. Aug. St. -Hilaire gives the folloAving cases ; 
the genus Zanthoxylon belongs to a diWsion of the Putacem 
with a single ovary, but in some of the s]iecics flowers may bo 
fohnid on the same plant, and even in the same panicle, with 
either one or two ovaries. In Ihdianthemum the caj)sule has 
been described as unilocular or 3-loeular; and in II. mutabile, 
“ Line lame, ]ilus ou inoins large, s’etend entre le ]ieriearpe et 
le placenta.” In the flowers of Saj)onaria oilicinalis. Dr. Mas- 
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tors also observed instances of botli marginal and free central 
placentutioii. Lastly, St. -Hilaire found toward the soutliern 
extreme of the ranine of Gompliia olcmfonnis two forms which 
he did not at first doubt were distinct species, but he subse- 
cjiienlly saw them prrowin^ on the same bush; and lie then 
adds, ‘‘ V^oihl done dans iin memo individu des loges et un 
st^de qui so nittachcnt tantot un axe verticale et tautut il un 
gynobase.'’ 

In the (‘ase of these plants, will it be said that they luivc 
been detected in the act of progressing toward a higher state 
of development ? On the contrary, I should infer, from such 
characters varying so greatly, that they were of extremely 
small importance to the ]dants themselves, of whatever impoi*- 
tance they may be to us in our classifications. Although wo 
are quite ignorant of tlie exciting cause of each modification, 
yet it seems probable from M’hat we know of the relations of 
variability to changed conditions, tliat under certain conditions 
the one structure would have prevailed over the otiicr, and 
tliiis miglit have been rendered almost or quite constant. 
From the very fact of such difierences being unimportant for 
the welfare of the species, any slight deviations which did 
occur would not he augmented or accumulated through natural 
selection ; and they would be liable to olditeration through tlie 
occasional intercrossing of distinct individuals. A structure 
which has been developed through long-continued selection, 
when it ceases to be of service to the species, will generally 
become variable, as we see with rudimentary organs; for it 
will no longer be regulated by this same power of selection ; 
but on the other hand, when from the nature of the organism 
and from a change in the conditions definite modifications have 
Ik'cii produced which are unimportant for the welfare of the 
species, they may be, and apparently often have been, trans- 
mitted in nearly the same state to numerous, otherwise modi- 
fied descendants. Hair has been transmitted to almost all 
mammals, feathers to all birds, and scales to all true reptiles. 
A structure, whatever it may be, which is common to many 
allied forms, is ranked by us as of high systematic importance, 
and consequently is often assnnn'd by us h) be of high vital 
importance to the' sj)eci(‘s. Tims, as i am inclined to believe, 
morphological dilTcrence.s, which we consider as inqiortant — 
such as the arrangement of the leaves, the divisions of the 
ovarium, the ]msition of the ovules, etc. — first appeared in 
many cases as fluctuating variations, whicli sooner or later 
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became iilniost constant tlirou^li the nature of tlie organism 
and of the surrounding conditions, as well as through inter- 
crossing ; for as these morphological characters do not affect 
the welfare of the sj^ccics, any slight deviations in them would 
not be acted on or accumulated through natural selection. It. 
is a strange result which we thus arrive at, namely, that char- 
acters of slight vital importance to the species, arc the most 
important to the systematist; but, as we shall hereafter see 
when we treat of the genetic principle of classification, this is 
by no means so paradoxical as it at first apj^cars. Finally, 
whatever may be thought of this view, in none of the forego- 
ing cases do the facts, as far as I can judge, afford any evi- 
dence of the existence of an innate tendency toward jicrfccti- 
bility or ]:>rogressivc development. 

I need allude only to two other objections : a distinguished 
bolanist, Mr. H. C. ^N^atson, believes that I have overrated the 
importance of divergence of character (in which, however, he 
apparently believes), and that convergence of character, as it 
may be called, has likewise played a part. Idiis is an intricate 
subject which need not be fully discussed. I will only remark 
that if two species of two allied genera, both produced a num- 
ber of new and divergent species, I can believe that they 
might sometimes approach each other so closely that they 
would for convenience’ sake be classed in the same new genus, 
and thus two genera would converge into one ; but from the 
strength of the principle of iiilicritancc, and from the two par- 
cnt-spccics already differing and consequently tending to vary 
in a somewhat different manner, it seems hardly credible that 
the two new groiqis would not at least fonn distinct sections 
in the genus. 

Mr. Whitson has also objected that the continued action of 
natural selection with divergence of character will tend to 
!nakc an indefinite number of specific forms. As far as mere 
inorganic conditions arc concerned, it seems probable that a 
snnicic'iit number of s])ecies would soon become adapted to all 
(X)iisidcrable diversities of heat, moisture, etc. ; but I fully admit 
lliat the imitual relations of organic beings arc more important ; 
and as the number of species in any country goes on increas- 
ing, the organic conditions of life bcconic more and more com- 
plex. Conscqucntl}^ there seems at first sight no limit (o the 
amoimt of profitable diversification of structure, and therefore 
no limit to the number of s])ocies which might be produced. 
AVc do not know that even tlic most prolific area is fully 
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stocked with s])ccific forms : at the Cape of Good Hojic and in 
Australia, which support such an astonishing number of s])c- 
cies, man}’ Kuro])ean plants have beeoine naturalized, lint 
p^colopry shows us, tliat from an early part of the long tertiary 
])oriod the number of species of shells, and that from the mid- 
dle part of this same period the number of mammals, lias not 
greatly c»r at all increased. AVhat, then, checks an indefinite 
increase in the number of species? The ainoimt of life (I do 
not mean the number of s]')ecific forms) sujiportcd on any area 
must have a limit, de]'>cnding so largely as it does on physical 
conditions; therefore, if an area be inhabitetl by very many 
species, each or nearly each siiecies will be rci^rcscntcd by few 
individuals; and such specic^s vrill be liable to extermination 
from accidental fluctuations in the nature of the seasons or in 
the number of their eiuMiiics. The process of extermination in 
these <^ascs will be rapid, whereas the production of new spe- 
cies must always be slow. Imagine the extreme case of as 
many s])ccies as individuals in England, and the first severe 
winter or very dry summer would exterminate thousands on 
thousands of species. Kare sj^ccies, and each species will be- 
come rare if the numiier of species in any country becomes 
indefinitely increased, will, on the principle often explained, 
]>resent within a given period few favorable v'ariations; consc- 
((ucntly, the j^rocess of giving birth to new specific forms will 
tlms be retarded. When any species becomes very rare, close 
interbreeding will help to exterminate it ; authors have thought 
that this comes into play in accounting for the deterioration of 
the Aurochs in Lithuania, of Led Deer in Scotland, and of 
Lears in Norway, etc. I^astly, and this I am inclined to think 
is the most important clement, a dominant species, which has 
ahea<ly beaten many eomjictitors in its own home, will tend to 
sj)read and supplant many others. Alph. do Candolle has 
shown that those species wliich spread widely tend generally to 
spread I'cnj wididy ; and, consequently, they will tend to sup- 
plant ami exterminate several species in several areas, and 
thus check the inordinate increase of specific forms throughout 
the world. Dr. Hooker has recently si i own that in the south- 
east corm'r of Australia, where, apj^arently, there arc manv in- 
vaders from difierent cpiarters of the world, the endemic Aus- 
tralian s]>eci('s have been greatly reduced in number. How 
much weight to attribute to thesi' several considerations I do 
not ]wctend to assign; but cfmjoiutly they must limit in each 
country the tendency to an indefinite augmentation of specific 
forms. 
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Siunmary of Chapter. 

If under changing conditions of life organic beings present 
individual dillercnces in all parts of their stnicture, and ibis 
cannot be disjniled; if there be, owing to the high geometrical 
ratio of increase of each species, a severe struggle for life at 
some age, season, or year, and this certainly cannot be disputed ; 
then, considering the infinite complexity of the relations of all 
organic beings to each other and to their conditions of life, 
causing an infinite diversity in structure, constitution, and 
habits, to be advantageous to them, it would be a most extraor- 
dinary fact if no variations ever occurred useful to each be- 
ing’s own welfare, in the same inanner as so many variations 
have occurred useful to man. iBut if variations useful to any 
organic being do ever occur, assuredly individuals thus charac- 
terized will liave the best chance of being preserved in the 
struggle for life ; and from the strong principle of inheritance, 
they will tend to jiroduec ofiTspring similarly characterized. 
This principle of preservation, or the survival of the fittest, I 
have etdled Natural Selecti om\ It leads to the improvement 
of each creature in relation to its organic and in organic condi- 
tions of life; and consequently, in most cases, to what must 
be regarded as an advance in organization. Nevertheless, low 
and simple forms will long endure if well fitted for their simple 
conditions of life. 

Natural selection, on the principle of qualities being in- 
herited at corresponding ages, can modify the egg, seed, or 
young, as easily as the adult. Among many animals, sexual 
selection will give its aid to ordinary selection, by assuring to 
the most vigorous and best ada^ited males the greatest num- 
ber of otfsj^ring. Sexual selection will also give characters useful 
only to the males, in their struggles with other males; and 
these characters will be transmitted to one sex or to both sexes, 
according to the form of inheritance which ])rcvails. 

AVhether natural selection has really thus acted in adapting 
tlie various forms of life to their several conditions and stations, 
must be judged of by the general tenor and balnnee of the evi- 
dence given in the following chapters. But we already 
how it entails extinction ; and how largely extinction has acted 
in the world’s history, geology jfiainly declares. Natural selec- 
t ion, also, leads to divergence of character ; for the more organic 
h(‘ings diverge in structure, habits, and constitution, by so much 
can a greater number be sup|)ortcd on the same area — of which 
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wc see proof by lookiiifj; to the Tnlial)iUiiits of any small spot 
or to naturalized productions. Therefore, during the modifica- 
tion of the descendants of nuy one species, and during the in- 
cessant struggle of all species to increase in numl)crs, the more 
diversified these descendants become, the better will be their 
chance of succeeding in the battle for life. Thus, the small 
diiT(*rcnccs distinguishing varieties of the same species, steadily 
tend to increase, till they come to equal the greater diflercnces 
between species of the same genus, or even of distinct genera. 

AVc have seen that it is the common, the Avidcly-dinuscd, 
and widely-ranging specie.^, belonging to the larger genera 
within each class, which vary most; and these tend to transmit 
(o their modified oflspring tliat superiority which now makes 
them dominant in their own countries. Natural selection, as 
has just been remarked, leads to divergence of character and to 
much 6 xtinction of the less improved and intermediate forms of 
life. On these principles, the nature of the aflinities, and the 
generally well-defined distinctions of the innumerable organic 
beings in each class throughout the world, may be explained. 
It is a truly wonderful fact — the wonder of which we are apt 
to overlook from familiarity — that all animals and all jilants 
throughout all time and space should be related to each other 
in natural groups subordinate to groups, in the manner 
which we everywhere bcliold — namclj", varieties of the same 
species most closely related together ; sjiccies of the same genus 
less closely and unequallj^ related together, forming sections 
and sub-genera; species of distinct genera much less closely 
related, and genera related in dilTcrcnt degree.^, forming sub- 
f unilies, families, orders, sub-classes, and classes. The several 
subordinate groups in aiy^ class cannot be ranked in a single 
file, but seem rather to be clustered round points, and these 
round other points, and so on in almost endless cycles. If 
(Mch species lias been independently created, no explanation 
c in be given of this great fact in the classification of all organic 
beings; but it is ex])laincd through inheritance and the com- 
plex action of natural selection, entailing extinction and diver- 
gmice of character, as w(i have seen illustrated in the diagram. 

The aflinities of all the beings of the same class have some- 
times been represented by a great tree. I beli(*vc this simile 
largely speaks the truth. 'Vhc gremi and budding twig.s may 
rejn-csent existing sjiecies ; and tliosc ])roduced during former 
years may represent the long suecession of extinct species. At 
1^1011 ])criod of growth all tlie growing twigs have tried to 
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brancli out on all sides, ami to ovcrloj) and kill the siirroiindini^ 
t^vi^•s and branches, in the same manner as species and groups 
of species liave at all limes overmastered other species in the 
great battle for life. The limbs, di\dded into great branches, 
and Ihesc into lesser and lesser l)ranches, were themselves once, 
when the tree was small, budding twigs ; and this connec- 
tion of the former and present buds I )y ramifying branches may 
well represent the classification of all extinct and living species 
in grouj>3 subordinate to groups. Of the many twigs which 
nourished when the tree was a mere bush, only two or three, 
now grown into great branches, yet survive and bear all the 
other branches ; so with the species which lived during long- 
past geological periods, very few now have li\nng and modified 
descendants. From the first growth of the tree, many a limb 
and branch has decayed and dropped off; and these lost 
branches of various sizes may represent those whole orders, 
families, and genera, which have now no living representatives, 
and which are known to us only from being found in a fossil 
state. As we here and there see a thin, straggling branch 
sjiringing' from a fork low down in a tree, and which by some 
chance has been favored and is still alive on its summil, so we 
occasionally sec an animal like the Ornithorhynchus or Lepi- 
dosiren, which in some small degree connects by its afiinitics 
two large branches of life, and which has ajDparently been 
saved from fatal competition by having inhabited a protected 
station. As buds give rise by growth to fresh buds, and these, 
if vigorous, branch out and overtop on all sides many a feebler 
branch, so by generation I believe it has been with the great 
dVee of Life, which fills with its dead and broken branches the 
crust of the earth, and covers the surface with its ever-branch- 
ing and beautiful ramifications. 
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EQccIs of clmujjed Condlllon?— Use and Dii^iisc, combined with Natural Selection; 
Or^ann of and of Vision — Accrimatizalion— Correlated Varialion— Com- 

])CiisnIion and Economy of (irowth— False Correlations— Multiple, Kudunontary, 
and L<»\vly-or^mnized Slrnclnres variable— Parts developed In an Unusual Man- 
ner arc hiAdily variable : Specific Cliaraclcrs more variable than Generic; Second- 
ary Sexual Characters variable— Species of the same Genus vary in an analogous 
Manner— Itever&ioua to long-lost Characters— Summary. 

. I HAVE liitltcrto sometimes spoken as if the variations — so 
common and iniiltiform'witli organic beings nndcrdomcstication, 
and in a lesser degree with those in a state of nature — had 
])cen dtic to cliance. This, of course, is a wliolly incorrect cx- 
jM-ession, but it serves to acknowledge plainly our ignorance 
of tlie cause of cacb particular variation. Some authors be- 
lieve it to be as much tlie function of the reproductive system 
to ]iroduce individual dincronccs, or slight deviations of struc* 
lni(‘, as to make the child like its parents. But tlie fact of 
variations and inonstrositics occurring mncli more frequently 
under domestication than under Nature, and tlie greater varia- 
])ility of species having wide ranges than of those having re- 
stricted ranges, lead to the conclusion that variabillt}’ is directly 
related to the conditions of life to which each species has been 
exposed during several successive generations. In the fii'St 
chapter I aUcinjHcd to show that changed conditions act in 
two wavs, directly on the whole organization or on certain 
]>arts alone, and indirectly tliroiigh tlie reproductive system, 
in all eases there arc two factors, the nature of the organism, 
which is much the most im])orlaiit of the two, and the nature 
of the conditions. The direct action of (‘hanged conditions, 
leads to defmitc or incLTinite results. In the latter case the 
organization seems to become plastic, and wc have mneb thic- 
luating variability. In llui former case the nature of the or- 
ganism is such tliat it yields readily, when subjected to eer- 
lain conditions, and all, or nearly all the individuals become 
modi Tied in the same way. 
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It is very (lilReiilt to decide how fur clian^i^ed conditions, 
siic-li as of climate, food, etc., liave acted in a definite manner. 
Tlierc is some reason to believe that in the course of time the 
ctTects have been greater than can be proved to be the case by 
any clear evidence. J3ut we may safely conclude that tlie in- 
numerable comjdex coadaptations of structure which we see 
tliroughout Nature between various organic beings, cannot be 
attributed simply to sucli action. In the following cases the 
conditions seem to have produced some slight definite effect : 
E. Forbes asserts that shells at their southern limit, and when 
living in shallow water, are more brightly colored than those 
of the same species from farther north or from a greater depth ; 
but these statements have lately been disputed, Mr. Gould 
believes that birds of the same species are more brightly col- 
ored under a clear atmosphere, than when living on islands or 
near the coast; and Wollaston is convinced that residence near 
the sea affects the colors of insects. Jdoquin-Tandon gives a 
list of plants wliich Avhen growing near the sea-shore hav^e their 
leaves in some degree fleshy, though not elsewhere fleshy. 
Other similar facts could l>e given. 

The fact of varieties of one species, when they range into 
the habitations of other species, often acquiring in a slight 
degree some of their characters, accords with the view that 
species arc only well-marked and permanent varieties. Thus 
the species of shells which are confined to tropical and shal- 
low seas are generally brighter-colored than those confined to 
cold and deeper seas. The birds which are confined to conti- 
nents are, according to Mr. Gould, brighter-colored than those 
of islands. The insect-species confined to sea-coasts, as everj^ 
collector knows, are often brassy or lurid. Plants which live 
exclusively on the sea-side are very apt to have fleshy leaves. 
He who believes in the creation of each species, will have to 
say that this insect, for instance, was created of a brassy color, 
because it was intended to live near the sea, but that this other 
insect became brassy through variation as soon as it reached 
the sea-coast. 

^Vhen a variation is of the slightest use to any being, we 
cannot tell how much to attribute to the accumulative action 
of natural selection, and how much to the definite action of the 
conditions of life. Thus, it is well known to furriers that ani- 
mals of the same species have thicker and better fur the far- 
ther north they live ; but who can tell how much of this dif- 
ference may be due to the warmcst-clad individuals having 
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hrcMi favored and preserved during niaiiy generations, and how 
inueli to the action of the severe eliniate V for it would appear 
that climate lias some direct action on the hair of our domestic 
qiiadni])eds. 

Instances could be given of similar varieties being produced 
from the same species under external conditions of life as dif- 
ferent as can well l)e conceived ; and, on the other hand, of 
dissimilar varieties being produced under ap])arently the same 
external conditions. Again, innumerable instances arc known 
to every naturalist, of species k(‘e])ing true, or not varying at 
all, although living under the most ojqiositc climates. Such 
considerations as these incline me not to lay much weight on 
tln^ direct and definite action of the conditions of life; but 1 
fullj' admit that strong arguments of a general nature may be 
advanced on the other side. 

In one sense the conditions of life may be said, not onh" to 
cause variability, but likewise to include natural selection ; for 
the conditions determine whether tliis or that variety shall sur- 
vive. But when man is the selecting agent, we clearly sec 
that the two elements of change arc distinct; the conditions 
cause the variability ; the will of man, acting cither consciously 
or unconsciously, accumulates the variations in certain direc- 
tions, and this answers to the survival of the fittest under 
nature. 

of Use and Disuse^ as controlled Inj Kaiural Selection, 

F rom the facts alluded to in the first chapter, I think there 
can be no doubt that use in our domestic animals strengthens 
and enlarges certain parts, and disuse diminishes them; and 
that such modifications arc inherited. Under free Nature, we 
have no standard of comjiarison, by which to judge of the 
eflbcfs of long-continued use or disuse, for we know not the 
])arenl-f(;nns ; but many animals have structures which- can be 
(*xplaiii(‘d by the effects of disuse. As Prof. Owen has rcmarkctl, 
th(‘i'c is no greater anomaly in Nature than a bird that cannot 
fly ; y<‘t there are several in this state. Tlic loggerdn^aded duck 
of South America can only flap along the surface of the water, 
and has its wings in nearly the same condition as the domestic 
Aylesbury duck. As the largia* ground-heeding birds seldom 
take flight cxct'pt to escape danger, 1 believe that the nearly 
wingless condition of several birds, which now inhabit or have 
lately inhabited several oceanic islands, tenanted by no beast 
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of ]^rcv, lias been caused In" disuse. The ostrich, indeed, in- 
habits continents and is exposed to danprer from wliich it cannot 
escape by IHi^ht, but by kickinp^ it can defend itself from cnc- 
inies, as well as any of the sinaller quadrnj)cds. We may be- 
lieve that the progenitor of the ostrich genus had habits like 
those of a bustard, and that, as natural selection increased in 
successive generations the size and weight of its body, its legs 
were used more, and its winces less, until they became incapa- 
ble of flight. 

Kirby has remarked (and I have observed the same fact) 
that the anterior tarsi, or feet, of many male dung-feeding 
beetles are very often broken ofl' ; he examined seventeen spe- 
cimens in his own collection, and not one had even a relic left. 
In the Onites a]iellcs the tarsi arc so habitually lost, that the 
insect has been described as not having them. In some otiicr 
genera they are ])rescnt, but in a rudimentary condition. In 
the Atcuehus or sacred beetle of the Egyptians, they arc totally 
deficient. The evidence that accidental mutilations can be in- 
herited is at present not quite decisive; but the remarkable 
case observed by Brown-Sequard of inherited epilepsy in guinea- 
])igs, caused l)y an operation performed on the spinal cord, 
should make us cautious in denying such power. Hence it 
will perha])s be safest to look at the entire absence of the an- 
terior tarsi in Ateuchus, and their rudimentary condition in 
some other genera, as due to the cfTccts of long-continued 
disuse ; for, as many duug'-feeding beetles arc generally found 
with their tarsi lost, this must happen early in life ; therefore 
the tarsi cannot be of much inqiortance or be much used by 
these insects. 

In some cases we might easily put doi\Ti to disuse modifi- 
cations of structure which arc wholly, or mainly, due to natural 
s('lcction. Mr. AVollaston has discovered the remarkable fact 
that ;200 beetles, out of the 550 species (but more arc now 
known) which inhabit Madeira, arc so far deficient in wings 
that they cannot fly; and that, of the twenty-nine endemic 
genera, no less than twenty-three genera have all their species 
in this condition ! Several facts — namely, that beetles in many 
])arts of the world are frequently blown to sea and j^erish ; 
that the beetles in Madeira, as observed by Mr. Wollaston, li'^ 
much concealed, until the wind lulls and the sun shines ; that 
the ])roportion of wingless beetles is larger on the ex])osed 
Desertas than in ^fadeira itself; and especially the extraor- 
dinary fact, so strongly insisted on bj" Mr. AVollaston, of tin* 
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iilmost entire absence of certain lar/jc groups of beetles, else- 
where excessively miineroiis, and which groups have habits of 
life almost uecessi tilling frcc|ucnt flight — these several con- 
siderations have made me believe that the wingless condition 
of so many -Madeira beetles is mainly due to the action of 
natural selection, Imt combined probably with disuse. For 
during many successive generations each individual beetle 
which flew least, cither from its wings having been ever so 
little less perfectly developed or from indolent habit, will have 
had the best chance of surviving from not being blown out to 
sea; and, on the other hand, those lieetlcs whicli most readily 
took to night would oftenest have been blown to sea and thus 
have been destroyed. 

The insects in Madeira which arc not ground-feeders, and 
which, as the flower-feeding coleoptera and lejhdoptera, must 
habitually use their wings to gain their subsistence, have, as 
Mr. Wollaston sus])ccts, their wings not at all reduced, but 
<'ven enlarged. This is quite compatible with the action of 
natural selection. For when a new insect first arrived on the 
island, the tendency of natural selection to enlarge or to reduce 
the wings, would depend on whether a greater number of in- 
dividuals were saved by successfully battling with the winds, 
or by giving up the attempt and rarely or never flying. As 
wilh mariners shipwrecked near a coast, it would have been 
better for the good swimmers if they had been able to swim 
still farther, wliercas it would have been better for the l)ad 
swimmers if they had not been able to swim at all and had 
stuck to the wreck. 

The eyes of moles and of some burrowing rodents arc 
rudimentary in size, and in some cases arc quite covered u]i by 
skin and fur. Tliis state of the eyes is probably due to gradual 
reduction from disuse, but aided ]icrhaps by natural selection. 
In South America, a burrowing rodent, the tuco-t\ico, or Cten- 
omys, is even more subterraiK'an in its habits than the mole ; 
and I was assured by a Spaniard, who had often caught them, 
that they were frejjuently blind ; one whicli I kept alive was 
eertainly in this con<litioii, the cause, as appeared on dissection, 
having been intlammation of the nictitating membrane. As 
fre(jnent inflammation of the eyes must be injurious to any 
animal, and as eyes arc certainly not necessary to animals 
having subterranean habits, a reduction in their size, with the 
adhesion of the. eyelids and growth of fur over them, miglit in 
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siicli case be an advantage ; and if so, natural selection would 
constantly aid tlie etl’ects of disuse. 

It is ^vcll known that several animals, belonging to the 
most dillerent classes, which inhabit the caves of Carniola and 
of Kentucky, are blind. In some of the crabs the foot-stalk for 
the eye remains, though the eye is gone ; the stand for the 
telescope is there, though the telescope with its glasses has 
been lost. As it is difliciilt to imagine that eyes, though use- 
less, could be in an}^ way injurious to animals living in dark- 
ness, I attribute their loss wholly to disuse. In one of the 
])hiid animals, namely, the cave-rat (Neotoma), two of which 
were captured by Prof. Silliraan at above half a mile dis- 
tance from the mouth of the cave, and therefore not in the 
]irofoundest depths, the eyes were lustrous and of large size; 
and these animals, as I am informed by Prof. Silliman, after 
having been exposed for about a month to a graduated light, 
acquired a dim perception of objects. 

It is ditlicult to imagine conditions of life more similar than 
deep limestone caverns under a nearly similar climate; so that, 
on the common view of the blind animals ha^dng been sepa- 
rately created for the American and European caverns, very 
close similarity in their organization and alhnities might have 
been expected. Tliis is certainly not the case if we look at the 
two whole faunas; and, with respect to the insects alone, 
Schiudte has remarked: “We are accordingly prevented from 
considering the entire phenomenon in any other light than 
something purely local, and the similarity which is exhibited 
in a few forms between the Mannnoth Cave (in Kentucky) and 
the caves in Carniola, otherwise than as a very plain expression 
of that analogy which subsists generally between the fauna of 
Eurojie and of North America.” On my view we must suppose 
tliat American animals, having in most cases ordinary powers of 
vision, slowly migrated by successive generations from the outer 
^vorld into the deeper and deeper recesses of the Kentucky 
caves, as did European animals into the caves of Europe. We 
have some evidence of this gradation of habit ; for, as Schiudte 
remarks, “ ^V'e accordingly look upon the subterranean faunas 
as small ramifications which have penetrated into the earth from 
the gcogra])hically limited faunas of the adjacent tracts, and 
which, as they extended themselves into darkness, have been 
accommodated to surrounding circumstances. Animals not far 
remote' from ordinary forms, prepare the transition from light 
to darkness. Next follow tliosc that are constructed for twi- 
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and, last of all, tlioso destined for total darkness, and 
whose formation is (jiiite peculiar.” These remarks of Schicklte’s, 
it should he understood, apply not to tlie sajiie, but to distinct 
species. 15y the time lliat an animal liad reached, after num- 
berless generations, the dee])cst recesses, disuse will on this 
view have more or less ])erfectly obliterated its eyes, and 
natural selection will often have ellectcd other changes, such 
as an increase in the length of the antenme or palpi, as a com- 
pensation for blindness. Xotwithstanding sucli inodiHeations, 
we might expect still to see in the eave-animals of America, 
allinities to the other inliabitants of that continent, and in those 
of Euroj^e to the iidiabitants of the European Continent. And 
this is the ease with some of the American cave-animals, as I 
hear from Prof. Dana ; and some of the European cave-insects 
are very closely allied to those of the surrounding country. It 
woidd be most dillicult to give any i-ational explanation of the 
allinities of the blind cave-animals to the other inhabitants of 
the t \>'0 continents on the ordinary view of their independent 
creation. That several of the inhabitants of the caves of the 
Old and New Worlds should be closely related, we might ex- 
j)ect from the well-known relationship of most of their other 
jiroductions. As a blind species of Bathyscia is found in abun- 
dance on shady rocks far from caves, the loss of vision in the 
cave-spccics of this one genus has probably had no relation to 
its dark habitation ; and it is very natural that an insect al- 
ready deprived of vision should readily become adaj)ted to 
dark caverns. Another blind genus (Anojdithalmus) oflers 
this remarkable peculiarity: the several distinct species, as Mr. 
Miimiy has remarked, inhabit several distinct European caves 
and likewise those of Kentucky, and the genus is found no- 
where except in caves ; but it is possible tliat the progenitor 
or j)rogenitors of these several sjmeies, while furnished with 
eyes, formerly may have ranged wid(dy over botli continents, 
and then have become extinct, excepting in their ]iresent se- 
clii(K*d abodes. Far from fc(4ing surprise that some of the 
cave-animals should be very anomalous, as Agassiz has remarked 
in regard to tin' blind fish, the Amblyopsis, and as is the case 
witli tlie blind Prot<'Us with reference to the rejitiles of Europe, 
1 am only surprised that more wrecks of ancient life have not 
been ])resciTed, owing to tin) less severe competition to which 
the inhabitants of these dai k abodes must have been exposed. 
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^ Icdimatization, 

Habit is hereditary witli ]')lants, as in the period of flower- 
ing, in tlie amount of rain requisite for seeds to germinate, in 
tlie time of sleep, etc., and this leads me to say a few words on 
acclimatization. As it is extremely common for species of the 
same genus to inhabit hot and cold countries, if it be true that 
all the species of the same genus arc descended from a single 
])arent-form, acclimatization must be readily cfTcctcd during a 
long course of descent. It is notorious that each species 
is adapted to the climate of its own home : species from an 
arctic or even from a temperate region cannot endure a tropical 
climate, or conversely. So, again, many succulent plants can- 
not endure a damp climate. But the degree of adaptation of 
species to the climates under which they live is often overrated. 
We may infer this from our frequent inability to predict 
whether or not an imported plant will endure our climate, and 
from the number of ])lants and animals brought from diQcrcnt 
(countries which arc lierc perfectly healthy. We have reason 
to liclievc that species in a state of nature arc closely limited 
in their ranges by the competition of other organic beings 
cjuitc as much as, or more than, by adaptation to particular cli- 
mates. But whether or not the adaptation be generally very 
close, we have evidence, in the case of some few plants, of 
their liccoming, to a certain extent, naturally habituated to 
(lith'rent temperatures; that is, they become acclimatized : thus 
the ])ines and rhododendrons, raised from seed collected by Dr. 
Hooker from the same species growing at different heights on 
the Himalaya, were found in this country to possess different 
constitutional powers of resisting cold. Mr. Thwaites informs 
me that he has observed similar facts in Ceylon ; analogous 
observations have been made by Mi\ H. C. Watson on Euro- 
j)can species of plants brought from the Azores to England ; 
and I could give other cases. In regard to animals, several 
authentic instances could be adduced of s])ecies witliin liistori- 
cal times having largely extended their range from warmer to 
cooler latitudes, and conversely ; but we do not positively know 
diatlhese animals were strictly adapted to their native climate, 
though in all ordinary cases we assume such to be the case; 
nor do we know that they have subsequently become specially 
acclimatized to their new homes, so as to be better fitted for 
them tiian tliey were at first. 

As we may infer that our domestic animals were originally 
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chosen by uncivilized man because they uere usefub and be- 
cause tlicy bred readily under confinement, and not because 
they were subsequently found capable of far-extended trans- 
portation, the common and extraordinary capacity in our do- 
mestic animals of not only withstanding the most din'erent 
climates, but of being perfectly fertile (a far severer test) under 
them, may be used as an argument that a large ]u-oportiou of 
other animals nowin a state of nature could easily be brought 
to bear widelj'-ditlcreut climates. AVc must not, however, 
push the foregoing argument too far, on account of the proli- 
able origin of some of our domestic animals from several wild 
stocks ; the blood, for instance, of a tropical and arctic wolf or 
\vild dog may perhaps be mingled in our domestic breeds. 
The rat and mouse cannot be considered as domestic animals, 
but they have been trans]iortcd by man to manj^ parts of the 
world, and now have a far wider range than any other rodent; 
for they live under the cold climate of Faroe in the north and 
of the Falklands in the south, and on many islands in the tor- 
rid zones. lienee adaptation to any special climate may be 
looked at as a qualit}^ rcadil}’ grafted on an innate wide ilcxi- 
billly of constitution, common to most animals. On this view, 
the ca]iacit}’' of enduring the most diilcrcnt climates by man 
himself and by his domestic animals, and the fact of the extinct 
(‘Icphant and rhinoceros Inudng formerly endured a glacial cli- 
mate, whereas the living species arc now all tropical or sub- 
tropical in their habits, ought not to be looked at as anomalies, 
ljut as examples of a very common flcxibilit}^ of constitution, 
brought, under jjcculiar circumstances, into action. 

How much of the acclimatization of species to any peculiar 
f'limatc is due to mere habit, and how much to the natural sc- 
h‘clion of varieties having ditl'ercnt innate constitutions, and 
liow mucli to both means combined, is an obscure question. 
That habit or custom has some influence I must believe, both 
from analogy and from tlic incessant advice given in agricul- 
tural works, even in the ancient Kncyclop:edias of China, to be 
V(*ry cautious in trausjiorting animals from one district to 
another; for as it is not likely that man should have suceceded 
in seh'cting so many breeds and sub-bre(’ds with constitutions 
specially fitted for tlieir own districts, th(‘ result must, T think, 
1)0 due to liabit. On the other hand, natural selection would 
inevitably tend to ])reserv(^ those individuals which were born 
with constitutions best adaptc'd to any country which they in- 
habited. In treatises on many kinds of cultivated ])lants, cer- 
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tain varieties are said to Avithstand certain climates Ijctter than 
others ; this is verv' strikingly shown in works on fruit-trees 
published in the United States, in which certain varieties are 
habitually rccominendcd for the Northern and others for the 
Southern States ; and, as most of these varieties arc of recent 
origin, tliey cannot owe their constitutional diflcrcnces to hab- 
it. The ease of the Jerusalem artichoke, which is never propa- 
gated in England by seed, and of which consequently new va- 
rieties have not been produced, has even been advanced — for 
it is now as tender as ever it was — as proving that acclimatiza- 
tion cannot be ctlccted ! Tlie case, also, of the kidney-bean 
has been often cited for a similar purpose, and with much 
greater weight; but until some one will sow, during a score of 
generations, liis kidney-beans so early that a very large pro- 
portion arc destroyed by frost, and then collect seed from the 
few snrWvors, with care to prevent accidental crosses, and then 
again get seed from these seedlings, with the same precau- 
tions, the experiment cannot be said to have been tried. Nor 
let it be supposed that differences in the constitution of seed- 
ling kidne}"-bcans never appear, for an account has been pub- 
lished how much more hardy some seedlings were than others; 
and of this fact I have myself observed striking instances. 

On the whole, I think we may conclude that habit, or use 
and disuse, have, in some cases, played a considerable part in 
the modification of the constitution, and of the structure of 
various organs ; but that the effects of use and disuse have 
often been largely combined with, and sometimes overmastered 
by, the natural selection of innate variations. 

Correlated Yarlatlon, 

I mean by this expression that the whole organization is so 
tied together during its growth and development, that when 
slight variations in any one joart occur, and arc accumulated 
through natural selection, other parts become modified. This 
is a very important subject, most imperfectly understood, and 
no doubt totally different classes of facts may be here easily 
confounded together: we shall presently see that simple in- 
heritance often gives the false appearance of correlation. The 
most obvious instance of real correlation is, that variations of 
structure arising in the young or in the larvm naturally tend 
to affect the structure of the mature animal ; in the same man- 
ner as anv malconformation in the earlv embrvo is known 
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seriously to affect the whole organization of the adult. The 
several parts of the body which arc homologous, and which, 
at an early embryonic period, are identical in structure, and 
which arc necessarily ex])oscd to similar conditions, seem emi- 
nently liable to vary in a like manner: we see this in the right 
and left sides of the body varying in the same manner; in the 
front and hind legs, and even in the jaws and limbs, varying 
together, for the lower jaw is believed by some anatomists to 
be homologous with the limbs. These tendencies, I do not 
doubt, may be mastered more or less completely by natural 
selection : thus a family of stags once existed with an antler 
only on one side; and if this had been of any great use to the 
breed, it might probably have been rendered permanent by 
selection. 

Homologous parts, as has been remarked by some authors, 
tend to cohere ; this is often seen in monstrous plants : and 
nothing is more common than the union of homologous i)arts 
in normal structures, as the union of the petals of the corolla 
into a tube. Hard parts seem to affect the forms of adjoining 
soft j)arts; it is believed by some authors that the diversity in 
the shape of the pelvis in birds causes the remarkable diver- 
sity in the shaj^e of their kidneys. Others believe that the 
shape of the pelvis in the human mother influences by pressure 
the shape of the head of the child. In snakes, according to 
Schlcgel, the shape of the body and the manner of swallowing 
determine the position and form of several of the most impor- 
tant viscera. 

The nature of the bond of correlation is frequently cjuite 
obscure. !M. Isidore Geoffrey St. -Hilaire has forcibly remarked 
that certain malconfonnations very frequently, and that others 
rarely coexist, without our being able to assign any reason. 
What can be more singular than in cats the relation between 
conqdcto whitepess with blue eyes and deafness, or between 
the t()rtoise-sh(‘ll color and the female sex? or in pigeons be- 
tween their feathered feet and skin betwixt the outer toes, or 
between the ])rescnce of more or less down on the young bird 
when first hatched, with the future color of its plumage ; or, 
again, the relation between the hair and teeth in the naki'd 
'rurkish dog, though here no doubt homology comes into play? 
Mbth respect to this latter case of correlation, I think it can 
hardly be accidental, that, if we i)ick out the two orders of’ 
mammals which are most abnormal in their dermal covering, 
viz.. Cetacea (whales) and Hdcntata (armadilloos, scaly ant- 
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ealers, etc.), tlicsc are likewise the most abnormal in tlicir 
teeth. 

I know of no case belter adapted to show the importance 
of the laws of variation and correlation, independently of util- 
ity and therefore of natural selection, than that before referred 
to, of the diflercnce between the outer and inner flowers in 
some Compositous and Umbelliferous plants. Every one knows 
the diflercnce in the ray and central florets of, for instance, the 
daisy, and this difference is often accompanied with the partial 
or complete abortion of the reproductive organs. But in some 
of these plants, the seeds also difler in shape and sculpture. 
These differences have been attributed by some authors to the 
pressure of the involucra on the florets, or to their mutual press- 
ure, and the shape of the seeds in the ray-florets of some Coin- 
]'>ositte countenances this idea; but with the Uinbcllifene, it 
is by no means, as Dr. Hooker informs me, the species with 
the densest heads which most frequently differ in their inner 
and outer flowers. It might have been thought that the de- 
velopment of the raj’-pctals by drawing nourishment from the 
i-eproductive organs had caused their abortion ; but this can 
hardly be the sole cause, for in some Compositor the seeds of 
the outer and inner florets differ without any difference in the 
corolla. Possibly these several diflcrences may be connected 
with the different flow of nutriment toward the central and 
external flowers ; Ave know, at least, that, with normally iixeg- 
ular flowers, those nearest to the axis arc most subject to 
jieloria, that is, they become symmetrical. I may add, as an 
instance of this, and of a striking case of correlation, that I 
have recently observed in many jiclargoniums, that in the cen- 
tral flower of the truss the two upper petals often lose their 
])atches of darker color; and when this occurs, the adherent 
nectary is quite aborted. When tlic color is absent from only 
one of the two upper petals, the nectary is not quite aborted, 
but is much shortened. 

AVith respect to the development of the corolla in the cen- 
tral and exterior flowers, S[)rengcrs idea that the ray-florets 
serve to attract insects, whose agency is highly advantageous 
or necessary for the fertilfeation of these plants, is highly ]irob- 
ablc; and if so, natural selection may have come into phw. 
]>ut, with respect to the seeds, it seems impossible that their 
differences in shape, which are not alwa^'S correlated with any 
difference in the corolla, can be in any way beneficial : yet in 
the IJinbelliferm these diflerence.s are of such apparent iinjior- 
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tjmce — tlic seeds beinpj sometimes orlliospennoiis in tlic exte- 
rior llowers and ccvlospermons in llic central llowcrs — that tlic 
elder Dc Candolle founded liis main divisions in tlie order on 
such diarreters. Hence, as Ijcforc remarked, wc sec that modi- 
fications of structure, vi(‘\ved by systematisls as of hi^li value, 
may be Avholly due to the laws of variation and correlation, 
without bcinp:, as far as wc can judge, of the slightest service 
to the species. 

AVe may often falsely attribute fo correlated variation 
structures which are common to whole grouj)s of species, and 
which in truth arc simply due to inheritance: for an ancient 
progenitor may have acciuircd through natural selection some 
one modification in structure, and, after thousands of genera- 
tions, some other and independent modification; and these 
two modifications, having been transmitted to a whole group 
of descendants with diverse habits, would naturally be thought 
to be correlated in some necessary manner. Some correlations 
arc ap|\arently due to the maimer in wliich natural selection 
acts. For instance, Alph. dc Candolle has remarked that 
winged seeds arc never found in fruits which do not open : I 
should explain this rule by tlic impossiliility of seeds gradually 
becoming winged through natural selection, unless the ea])- 
sules first opened themselves; for in this case alone could the 
seeds, which were a little lictter adapted to be vrafted by the 
wind, gain an advantage over those less M’cll fitted for wide 
dispersal. 



Comj)cnsation and Economy of GroictJu 

llie elder Geotfmy and Goethe propounded, at about the 
same period, their law of comjiensation or Ijalanccment of 
growth ; or, as Goethe ex]iresscd it, “ in order to sj^end on one 
sid(*, Nature is forced to economize on the other side.” I think 
this holds true to a certain extent with our domestic produc- 
tions: if nourishment Hows to one part or organ in excess, it 
rarely flows, at least in excess, to another part; thus it is dif- 
ficult to get a cow to give much milk and to fatten readily. 
The same varieties of tlic cabbage do not yield abundant ami 
nutritious foliages and a coiuous supply of oil-bearing seeds. 
When the seeds in onr fruits become atrophied, the fruit itself 
gains largely in size and fpiality. In our poultry, a large tuft 
of feathers on the In^ad is generally accompanied by a dimin- 
ished comb, and a large beard by diminished wattles. With 
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Bpccies in a stale of nature it can liardly be maintained that 
tlie law is of universal application ; ])iit man}' i^oocl observers, 
more especially botanists, believe in its truth. I will not, how- 
ever, here give any instances, for I see hardly any way of dis- 
tinguishing between tlie elTects, on the one hand, of a part 
being largely developed througli natural selection and another 
and adjoining part being reduced by this same process or by 
disuse, and, on the other hand, the actual withdrawal of nutri- 
ment from one part owing to the excess of growth in another 
and adjoining ]>art. 

I suspect, also, that some cases of compensation which have 
been advanced, and likewise some other facts, may be merged 
under a more general principle, namely, that natural selection 
is continually trying to economize in every part of the organ- 
ization. If under changed conditions of life a structure before 
useful becomes less useful, any diminution, however slight, in 
its development, will be seized on by natural selection, for it 
will ]')rofit the individual not to have its nutriment wasted in 
building up a useless structure. I can thus only understand 
a fact with which I was much struck when examining cirri- 
pcdcs, and of which many other instances could be given : 
nameh", that when a cirripede is parasitic within another and 
is thus protected, it loses more or less completely its own shell 
or carapace. This is the case with the male Ibla, and in a 
truly extraordinary manner with the Proteolepas ; for the car- 
apace in all other cirripedes consists of the three highly-impor- 
tant anterior segments of the head enormously developed, and 
furnished until great nerves and muscles; but in the parasitic 
and protected Proteolepas, the whole anterior part of the head 
is reduced to the merest rudiment attached to the bases of the 
prehensile antenna}. Now the saving of a large and eoni])lex 
structure, when rendered su])ertluous by the parasitic habits of 
the Proteolepas, though effected by slow steps, would be a 
decided advantage to each successive indi\ddual of the species ; 
for in the struggle for life to Avhich every animal is exposed, 
each individual Proteolepas would have a better chnnee of 
supporting itself, by less niiti-iment being wasted in develop- 
ing a structure now become useless. 

Thus, as I believe, natural selection will always succeed in 
the long-run in reducing and saving evciy part of the organi- 
zation, as soon as it is rendered by changed habits of life super- 
tluoiis, without by any means causing some other part to be 
largely develojied in a corresjionding degree; and, converse- 
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ly, tliat natural selection may perfectly well succeed in largely 
developing any organ, without reejuiring as a necessary com- 
pensation the reduction of some adjoining part. 

Multiple^ Jiudunentanp and IjOicbporr/unlzed Slriictures are 

variable. 

It seems to be a rule, as remarked by Is. Geotlroy St.-IIi- 
laire, both in varieties and in species, that, when any part or 
organ is rejDcatcd many times in the structure of the same 
individual (as the vertebne in snakes, and the stamens in poly- 
androus llowers), the number is variable ; whereas the number 
of the same part or organ, when it occurs in lesser numbers, is 
constant The same author and some botanists have further 
remarked that multiple parts are also very liable to variation 
in structure. Inasmuch as this ‘‘vegetative repetition,” to use 
Prof. Owen’s expression, seems to be a sign of low organiza- 
tion, the foregoing remark seems connected with tlic very gen- 
eral opinion of -naturalists that beings low in the scale of Xa- 
ture are more variable than those which arc higher. I pre- 
sume that lowness in this case means that the several parts of 
the organization liavc been but little specialized for particular 
functions ; and, as long as the same part has to perform diver- 
sified work, we can perhaps see why it should remain variable, 
that is, why natural selection should not have ]:>rcscrvcd or 
rejected each little deviation of form so carefully as when the 
part had to serve for one special purpose alone — in the same 
way that a knife which has to cut all sorts of things may be of 
almost any shape, while a tool for some particular purpose 
had better be of some particular shape. Natural selection, it 
should never be forgotten, can act on each part of each being, 
solely through and for its advantage. 

Kudimentary parts, it has been stated by some authors, and 
1 believe with truth, arc apt to be highly variable. AVe shall 
have to recur to tlic general subject of rudimentary and aborted 
organs; and I will here only add that their variabilit}” seems 
to be owing to their uselessness, and therefore to natural selec- 
tion having no power to check dc'viations in their structure. 
Thus rudimentary parts arc left to the free play of the various 
laws of growth, to the clTccts of long-continued disuse, and to 
the tendency to reversion. 
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A Part ilcrdojml in any P^pcclcs in an c?^traord inary Dcyrce 

or Manner^ in coinjnirison with the same J\irt in allied 

PjKcics^ tends to he hiyhly variable. 

Several years a^o I "svas much struck by a remark, to the 
above clYect, made l^y Mr. Watcriiousc; Prof. Owen, also, 
seems to have come to a nearly similar conclusion. It is hope- 
less to attempt to eonvince any one of the truth of the above 
j)roposition without giving the long array of facts Mdiich 1 have 
collected, and which cannot possibly be here introduced. I can 
only state my conviction that it is a rule of high generality. 
I am aware of several causes of error, but I hope that I have 
made- due allowance for them. It should be understood that 
the rule by no means ap|)lics to any part, however unusually 
developed, unless it be unusually developed in comparison with 
the same part in eloscl^’-allicd species. Thus, the wing of the 
bat is a most abnonnal structure in the class of mammalia ; but 
the rule would not apply Iierc, because the wliole grouj) of bats 
possesses wings; it would apply only if some one s])eeics had 
wings developed in a remarkable manner in comparison with 
other species of the same genus. The mle applies very strongly 
in the case of secondary sexual characters, when displa^^cd in 
any unusual manner. The term, secondary sexual characters, 
used by Hunter, applies to characters which arc attached to 
one sex, but are not directly connected with the act of repro- 
duction. The rule applies to males and females ; but as females 
more rarely offer remarkable secondary sexual characters, it ap- 
]dics more rarely to them. The rule being so plainly apjdicable 
in the case of secondary sexual characters, ma}' be due to the 
great variability of these characters, whether or not displaj'ed 
in any unusual manner — of wliieh fact I think there can be 
little doubt. But that our rule is not confined to sccondar}- 
sexual characters is clearly shown in the case of hermaphrodite 
cirripcdcs; I particularly attended to Mr. ^Vaterhouse’s remark, 
while investigating this order, and I am fully convinced that 
the rule almost invariabl}^ holds good. I shall, in a future 
work, give a list of all the more remarkable cases ; I will here 
only give one, as it illustrates the rule in its largest application, 
ddie opercular valves of sessile cirripcdcs (rock barnacles) are, 
in ever}^ sense of the word, very important structures, and they 
differ extremely little even in different genera ; but in the several 
s])ecies of one genus, Pyrgoina, these valves present a marvel- 
lous amount of diversification ; the homologous valves in the 
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(liirerciit species beiii;^ sometimes •\vliolly unlike in shape; ajitl 
the amount of variation in the individuals of the same species 
is so great, that it is no exaggeration to state that the varieties 
differ more from each other in the characters derived from these 
important valves than do otlier species belonging to distinct 
genera. 

As birds within the same country vary in «a remarkably 
small degree, I have j)articularly attended to them, and the 
rule seems to me certainly to hold good in this class. I cannot 
make out that it applies to plants, and this would seriously 
have shaken my belief in its truth, had not the great variability 
in plants made it particularly difficult to com})are their relative 
degrees of variability. 

When we sec any ]iart or organ develo])cd in a remarkable 
degree or manner in any specie.s, the fair presumption is, that 
it is of high importance to that species; nevertheless it is in 
this case eminently liable to variation. Why should this be 
so ? On the view that each species has been independently 
created, with all its parts as we now sec them, I can see no 
ex]>lanation. But on the view that groups of species have 
descended from other species, and have been modilied through 
natural selection,! think we can obtain some light. First, let 
me remark that if any part in our domestic animals, or the 
whole animal, be neglected and no selection be applied, that 
jiart (for instance, the comb in the Dorking fowl) or the whole 
breed will cease to have a uniform character. The breed will 
then be said to have degenerated. In rudimentary organs, and 
in those which have been but little specialized for any partic- 
ular purpose, and perhaps in pol3nuorphic grouj^s, we sec a 
nearlv ]nirallel natural case; for in such cases natural selection 
eitlrn* has not or cannot have come into full play, and thus th(‘ 
organization is left in a fluctuating condition. But what hero 
ooneerns us is, that those points in our domestic animals, which 
at th(* present time are undergoing* rapid change bv continued 
selection, are also eminently liable to variation. Look at the 
breeds of the ]iigeon ; sec what a jwodigious amount of differ- 
enc(' there is in tlu) b('aks of tumblers, in the beaks and wattle 
of can*ier.'<, in the carriage and tail of tantails, etc., these being 
tlic points now mainly attended to by Englisli fanciers. Even 
ill sub-breeds, as in that of the short-faced tumbler, it is notori- 
onsl}^ difficult to breed nearly perfect birds, some frccfuentlv 
departing widely from the standard. There mav truly be said 
to be a constant struggle going on between, on the one hand, 
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the tciicloncy to reversion to u less perfect state, as well as an 
innate tendency to further variability, and, on the otlier hand, 
the power of steadj^ selection to keep the breed true. In the 
lon^-rini, selection gains the day, and we do not expect to fail 
so far as to breed a bird as coarse as a common tnmbler from a 
good short-faced strain. But as long as selection is rapidly 
going on, nmcli variability in the parts undergoing modification 
may always 1)0 cxj)cctcd. It further deserves notice that char- 
acters, modified through selection by man, arc sometimes trans- 
mitted, from causes quite unknown to us, more to one sex than 
to the other, generally to the male sex, as with the wattle of 
carriers and the enlarged crop of pouters. 

Now let us turn to Nature. When a part has been devel- 
oped in an extraordinary manner in any one species, compared 
with the other species of the same genus, we may conclude 
that this part has \mdcrgone an extraordinary amount of modifi- 
cation since the jicriod when the species branched ofl' from the 
common progenitor of the genus. This period will seldom be 
remote in any extreme degree, as species rarely endure for more 
than one geological period. An extraordinary amount of 
modification implies an unusually large and long-continued 
amount of variability, which has continually been accumulated 
by natural selection for the benefit of the species. But as the 
variability of the extraordinarily developed part or organ has 
“been so great and long-continued within a jicriod not exces- 
sively remote, we might, as a general rule, still expect to find 
more varialnlity in such parts than in other parts of the organi- 
zation which have remained for a much longer period ncaily 
constant. And this, I am convinced, is the ease. That the 
struggle between natural selection on the one hand, and the 
tendency to reversion and variability on the other hand, will in 
the course of time cease; and that the most abnormally devel- 
oped organs may be made constant, I sec no reason to doubt, 
lienee, when an organ, however abnormal it may be, has been 
transmitted in approximately the same condition to many modi- 
fied descendants, as in the ease of the wing of the bat, it must 
have existed, according to my theory, for an immense period 
in nearly the same state ; and thus it comes to be no more vai i- 
ablc than any other structure. It is only in those eases in 
which the modification h.as been comparatively recent and 
extraordinarily great that we ought to find the r/cncratirc v<iri- 
as it may be called, still j^resent in a high degree. For 
in tliis ease the variability will seldom as yet have been fixed 
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by the continued selection of the individuals varying in tlie 
required inaiincr and degree, and liy the continued rejection 
of tliose tending to revert to a former and less-modificd con- 
dition. 

S2'icdjlc Characters more variable than Generic Characters^ 

Tlie principle included in the above remarks may be ex- 
tended, It is notorious that si^ecific characters arc more va- 
riable than generic. To explain by a simple example Avliat is 
meant: If in a large genus of plants some species had blue 
Howers and some had red, the color "would be only a specific 
character, and no one "would be surprised at one of the blue 
species varying into red, or conversely ; but if all the species 
had blue llowers, the color would become a generic character, 
and its variation would be a more unusual circumstance, I 
have chosen this example because an explanation is not in this 
case applicable, which most naturalists would advance, namely, 
that specific characters are more variable than generic, because 
they arc taken from parts of less physiological importance than 
those commonly used for classing genera. I believe this ex- 
planation is partly, yet only indirectly, true ; I shall, however, 
have to return to this subject in the chapter on Classification. 
It would be almost superfluous to adduce evidence in support 
of the above statement, that specific characters are more va- 
riable than generic ; but I have repeatedly noticed in works on 
natural history, that, when an author has remarked with sur- 
prise that some important organ or part, which is generally 
very constant throughout large groups of species, has differed 
considerably in closely-allied species, it has also been vari- 
able in the individuals of some of the species. And this fact 
shows that a character, which is generally of generic value, 
when it sinks in value and becomes only of specific value, often 
becomes variable, though its physiological importance may re- 
main the same. Something of the same kind applies to mon- 
strosities : at least Is, G(*oflroy St.-IIilairc seems to entertain 
no doubt that the more an organ normally difiers in the difler- 
ent species of the same grouj^, the more subject it is to indi- 
vidual anomalies. 

On the ordinary view of each species having been inde- 
pendently created, why should that j)art of the structure, 
which dilfers from the same part in other independently-created 
species of the same genus, be more variable than those parts 
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wliich arc closely alike in tlic several species? I do not sec 
that any explanation can be given. But on the view that spe- 
cies are only strongly marked and fixed varieties, we might ex- 
pect to lind them still oflcn continuing to vary in those parts 
of their structure which had varied within a moderately-rccent 
period, and which had thus come to dillcr. Or, to state the 
ease in another manner: The points in wliich all the species 
of a genus resemble each other, and in which they dilTer from 
allied genera, are called generic characters; and these charac- 
ters in common I attribute to inheritance from a common pro- 
genitor, for it can rarely have happened that natural selection 
will have modified several species, fitted to more or less widc- 
ly-diflercnt habits, in exactly the same manner; and as these 
so-called generic cliaractcrs have been inherited from before 
tlie period when the dilTcrcnt species first branched off from 
their common progenitor, and subsequently have not varied or 
come to differ in any degree, or only in a slight degree, it is 
not probable that they should vary at the present day. On the 
other hand, the points in which siiecics differ from other spe- 
cies of the same genus arc called specific characters; and as 
these specific characters have varied and come to dilfer since 
tlie period wlieii the species branched off from a common pro- 
genitor, it is jirobable that they should still often be in some 
degree variable — at least more variable than those parts of the 
org-anization which have for a very long period remained con- 
stant. 

Sccoiidanj Sexual Characters varlalle. 

In connection with the present subject, I' will make only 
two other remarks. I think it will bo admitted, without 1113^ 
(altering on details, that secondary sexual characters arc ver}' 
variable; I think it also will be admitted that species of the 
same group diller from each other more widely in their second- 
ary sexual characters than in other parts of their organization; 
compare, for instance, the amount of difference between the 
males of gallinaceous birds, in which secondary sexual charac- 
ters are strongl}" displaved, with the amount of difference bo 
tween the females; and tlie truth of this pro])Osition will be 
granted. The cause of the original variabilit}" of secoiularj^ 
sexual characters is not nianifest ; but we can sec whv these 
characters should not have been rendered as constant and uni- 
fnrin as other ])arts of the organization ; for secondary sexual 
characters have been acciunulated bj^ sexual selection, Avhich is 
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less rio-id in its action tlian ordinary selection, as it docs not 
entail deatli, but only gives fewer ollsj^ring to the less favored 
jnales. AVliatcvcr tiic cause may be of tlie variability of sec- 
ondary sexual characters, as they arc liighly variable, sexual se- 
lection, will have had a wide scoj'jc for action, and may thus 
readily have succeeded in giving to tlic species of tlie same 
group a greater amount of dilTercncc in tlieir sexual characters 
than in other j)arts of their structure. 

It is a remarkable fact that the sccoMclary sexual dificr- 
ences between the two sexes of the same species are generally 
displayed in the very same parts of the organization in which 
the different species of the same genus diller from each other. 
Of this fact 1 will give two instances in illustration, the first 
which happen to stand on my list; and, as the differences in 
these eases arc of a very unusual nature, the relation can hard- 
ly be accidental, dlic same number of joints in the tarsi is a 
character gencrall}" common to very large groups of beetles, 
but in the Engidm, as "Westwood has remarked, the number 
varies greatly; aiul the mnnbcr likewise differs in the two 
sexes of the same species : again, in fossorial hymcnoptcra, the 
manner of neuration of the wings is a character of the highest 
importance, because common to large groups ; but in certain 
genera the neuration differs in tlie diticrent species, and like- 
wise in the two sexes of the same s])ccics. Sir J. Lubbock 
has recently remarked that several minute crustaceans otfer ex- 
cellent illustrations of this law. “In Pontclla, for instance, 
the sexual characters arc aflbrdcd mainly by the anterior aii- 
tiMiine and by the fifth pair of legs : the specific differences 
also arc principally given by these organs.” This relation has 
a clear meaning on my view of the subject : I look at all tin; 
species of the same genus as ha\diig as certainly descended 
from th(^ same ]n’ogciiitor as have the two sexes of any one of 
the species. Consequently, whatever part of the structure of 
tlu' common progenitor, or of its early descendants, became 
variable, variations of this part would, it is highly probable, be 
laken advantage of by natural and sexual selection, in order to 
fit the several species to their several ])laces in the economy of 
Nature, and likewise to fit the two sexes of the same species to 
each other, or to fit the mah's and females to different habits of 
life, or the males to struggle with other males for the jmsses- 
sion of the females. 

Finally, then, I (‘onclude that tin' greater variability of 
specific characters, or those which distinguish species from 
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Bpecies, tluiu of generic characters, or those ^vhicll the species 
possess in coininon ; that tlie frequent extreme variability of 
any part which is developed in a species in an extraordinary 
manner in comparison with the same part in its congeners; 
and the slight degree of variability in a part, however extraor- 
dinarily it may be developed, if it be common to a whole group 
of species; that the great variability of secondary sexual char- 
acters, and the great amount of dilYerence in these same char- 
acters between closely-allied species ; that secondary sexual 
and ordinary specific dificrcnccs arc generally displa}’cd in the 
same parts of the organization — arc all principles closely con- 
nected together. All being mainly due to the species of the 
same group having descended from a common progenitor, from 
whom they have inherited much in common — to parts which 
have recently and largely varied being more likely still to go 
on varying than parts which have long been inherited and 
have not varied — to natural selection having more or less com- 
pletely, according to the lapse of time, overmastered the ten- 
dency to reversion and to further variability — to sexual selec- 
tion being less rigid than ordinary selection — and to variations 
in the same parts having been accumulated by natural and 
sexual selection, and having been thus adapted for secondary 
sexual, and for ordinary purposes. 

Distinct Species p)rcscnt analogous Variations ; and a Variety 
of one Species often assumes some of the Characters of an 
allied Species^ or reverts to some of the Characters of an 
early Progenitor. 

These propositions will be most readily understood by look- 
ing to our domestic races. The most distinct breeds of pigeons, 
in countries most widel>^ apart, present sub-varieties with re- 
versed feathers on the head and feathers on the feet — charac- 
ters not possessed by the aboriginal rock-pigeon ; these, then, 
arc analogous variations in two or more distinct races, Tlic 
frequent presence of fourteen or even sixteen tail-feathers in the 
l^outer may be considered as a variation representing the nor- 
mal structure of another race, the fantail. I presume that no 
one will doubt that all such analogous variations arc due to the 
several races of the pigeon having inherited from a common 
])arent the same constitution and tendency to variation, when 
acted on by similar unknown influences. In the vegetable 
kingdom we have a case of analogous variation in the enlarged 
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stems, or roots ;is commonly called, of liic Swcdisli turnij) and 
lliita-baga, plants which several botanists rank as varieties 
produced by eiiltivation from a common parent; if this be not 
so, the case will then be one of analogous variation in two so- 
called distinct species ; and to these a third may be added, 
namely, the common turnip. According to the ordinary view 
of each species having been independently created, we should 
have to attribute this similarity in the enlarged stems of these 
three plants, not to the vera causa of community of descent, 
and a eonsequent tendency to vary in a like manner, but to 
three separate yet closcly-relatcd acts of creation. Many simi- 
lar cases of analogous variation have been observed by Xaudin 
in the great gourd-family, and by various authors in our cereals. 
Similar cases occurring with insects under their natural con- 
ditions have lately been discussed with much ability b}^ Mr. 
Walsh, who has grouped them under his law of Equable Va- 
riability. 

AVith pigeons, however, we have another case, namely, the 
occasional appearance in all the breeds of slaty-bliic birds with 
two black bars on the wings, white loins, a bar at the end of 
the tail, with the outer feathers externally edged near their 
bases with white. As all these marks arc characteristic of the 
parent rock-pigeon, I presume that no one will doubt that this 
is a case of reversion, and not of a new yet analogous variation 
ajipearing in the several breeds. A\^e may, I think, confidently 
come to this conclusion, because, as wc have seen, these colored 
marks arc eminently liable to appear in the crossed o 9 s])riug 
of two distinct and diirercntl3'-colored breeds; and in this case 
there is nothing in the external conditions of life to cause the 
reappearance of the slat}M)lue, with the several marks, bc3’ond 
the influence of the mere act of crossing on the laws of inher- 
itance. 

No doubt it is a ver3^ surprising fact that characters should 
reappear after having been lost for manv, probabl3’ for hun- 
dreds of generations. Ihit when a breed has been crossed onh’ 
once bv some other breed, the olTspring occasionall3^ show a 
tendency to revert in character to the foreign breed for many 
generations — some sa3* for a dozen or even a score of genera- 
tions. After twelve generations, the jiroportion of blood, to 
use a common expression, of anv one ancestor, is onl3" 1 in 
‘‘i>id 3'et, as avc see, it is gcnerall3^ believed that a ten- 
denc3' to reversion is retained by this veiy small projiortion of 
foreign Idood. In a breed which has not been crossed, but 
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ill wliirli hoik jxircnts luivo lost some cliaractcr ^vllich their 
progenitor possessed, tlic tendency, whether strong or weak, 
to reproduce the lost character might be, as was formerly re- 
marked, for all tliat we can sec to the contrary, transmitted 
for almost any number of generations. AVhen a character whicli 
has been lost in a breed, reappears after a great number of 
generations, the most probable hypothesis is, not that the off- 
spring suddenly takes after an ancestor removed by some hun- 
dred generations, but that in each successive generation the 
character in question has been lying latent, aiul at last, under 
unknown favorable conditions, is developed. With the barb- 
pigeon, for instance, which very rarely produces a blue bird, 
it is probable that a latent tendency exists in each generation 
to ]iroducc blue ]ilumage. The possibility of characters long 
lying latent can be understood according to the hypothesis of 
jiangcnesis, \vhich I have given in another work. The abstract 
improbability of a latent tendency being transmitted through 
a vast number of generations, is not greater than that of quite 
useless or rudimentary organs beingthus transmitted. A mere 
tendency to ]iroducc a rudiment is indeed sometimes inherited. 

As all the species of the same genus arc supposed, on our 
theory, to be descended from a common progenitor, it might 
be expected that fhey would occasionally vary in an aualog(jus 
manner; so that the varieties of two or more species would re- 
semble each other, or that a variety of some one species would 
resemble in certain characters another and distinct species — 
this other species being, according to our view, only a well- 
marked and permanent variety. But characters thus gained 
would probably be of an tmiinportant nature, for the presence 
of all im])ortant characters will be governed by natural selec- 
tion, in accordance with the ditferent habits of the species, and 
will not be left to the mutual action of the nature of the organ- 
ism and of the conditions of life. It might further be expected 
that the species of the same genus would occasionally exhibit 
reversions to long-lost ancestral characters. As, however, we 
never know the exact character of the common ancestor of a 
natural gioup, we could not distinguish these two eases : if, 
for instance, we did not know that the rock-pigeon was not 
feather-footed or turn-crowned, vre could not have told whether 
these characters in our domestic breeds were reversions or only 
analogous variations; but wc might have inferred that the blue 
color was a ease of reversion from the number of tlu' markings, 
which arc correlated with this tint, and which it docs not a[)- 



CllAT. V. 



ANALOGOUS VAKIATIONS. 



101 



]iear j)rol)abIe would all ajipcar together from sini])lo variation. 
More (‘specially we ini^lit liave iiifen-ed this, from the blue 
color and the several marks so often ai)pcarini>^ when distinct 
breeds of distinct colors are crossed. Hence, although under 
Nature it must gencrall}" be left doubtful, what eases arc re- 
versions to a formerly-existing character, and what arc new 
but analogous variations, }'ct we ought, on our theory, some- 
times to lind the varying otlspring of a spcc'ies assuming 
characters (either from reversion or from analogous variation) 
which already arc ju’csent in other members of the same grouj) 
and this undoubtedly is the case. 

A considerable ]iart of the difilcnlty in recognizing in our 
systematic woiks a variable species, is due to its varieties 
mocking, as it were, otlicr sj^ccics of the same geni:s. A con- 
siderable catalogue, also, could be given of forms intcrniediatc 
between two other forms, which themselves can only doubt- 
fully be ranked as species ; and this shows, unless all these 
forms be considered as indepcndcntA-creatcd species, that the 
one in varying has assumed some of tlic characters of the otlier, 
so as to produce the intermediate forms. But the best evi- 
dence is aflbrded by parts or organs of an imjmidant and gen- 
erally uniform nature occasionally vaiying so as to acquire, in 
some degree, the character of the same part or organ in an 
allied sj)ccics. I have collected a long list of such eases; but 
liere, as before, I lie under the great disadvantage of not being 
able to give them. I can only repeat that such eases certainly 
do occur, and seem to me very remarkable. 

I will, however, give one curious and com]dcx ease, not in- 
deed as affecting any important character, but from occuning 
in several species of the same genus, partly under domestica- 
tion and partly under Nature. It is a ease almost certainly of 
reversion. The ass sometimes has very distinct transverse 
bars on its legs, like those on the legs of the zebra: it has 
been assertecl that these are plainest in the foal, and, from in- 
(piirics which T have made, I believe this tc^ be true. Tlie 
stripe on the shoulder is sometimes double and is very variabh* 
in length and outline. A whit(‘ ass, but an albino, has 
been described without either spinal or shoulder stripe: and 
these strijK's are sometiim's very obscure, or actually (juitelost, 
in dark-colored asses, d'he koulan or Pallas is said to have 
been seen with a double shoulder-stripe. Mr. Blyth has seen 
a sjieciinen of the hemionus with a distinct shoulder-strlj)e, 
tliough it properly has none; and I have been informed by 
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Colonel Poole that the foals of this species are generally striped 
on the legs, and faintly on the shoulder. The quagga, though 
so ]^lainly barred like a zebra ov^er the body, is without bars 
on the legs ; but ]3r. Gray has figured one specimen with very 
distinct zebra-likc bars on the hocks. 

AVith respect to the horse, I have collected cases in Eng- 
land of the spinal stripe in horses of the most distinct breeds, 
.and of all colors : transverse bars on the legs are not rare in 
duns, mouse-duns, and in one instance in a chestnut: a faint 
shoulder-stripe may sometimes be seen in duns, and I have seen 
a trace in a bay horse. My son made a careful examination and 
sketch for me of a dun Belgian cart-horse with a double stripe 
on each shoulder and Avith leg-stripes; I have myself seen a 
dun Devonshire pony, and a small dun Welsh pony has been 
carefully described to me, both with three iiarallcl strij)cs on 
each shoulder. 

In the northwest part of India the Kattywar breed of horses 
is so generally striped, that, as I hear from Colonel Poole, avIio 
examined the breed for the Indian Government, a horse Avith- 
out stripes is not considered as ]uircly-brcd. The s]iine is 
always striped ; the legs are generally barred ; and the shoul- 
der-stripe, Avhich is sometimes double and sometimes treble, is 
common ; the side of the face, morcoAxr, is sometimes striped. 
'J^'hc stripes are often ]ilaincst in the foal ; and sometimes quite 
disappear in old horses. Colonel Poole has seen both gray 
and bay KattyAA’ar horses striped AAdien first foaled. I have 
also reason to suspect, from information giAxn me by I\Ir. W. 
W. Edwards, that Avith the English race-horse the spinal stripe 
is much commoner in the foal than in the full-grown animal. 
I have lUA'self recently bred a foal from a bay mare (offspring 
of a Turcoman horse and a Flemish marc) by a bay English 
race-horse ; this foal Avhen a Aveck old Avas marked on its hinder 
quarters and on its forehead Avith numerous, A'ery uarroAv, dark, 
zebra-like bars, and its legs Avere feebly striped : all the stripes 
soon disappeared completely. Without here entering on fur- 
ther details, I may state that I \mvo collected cases of leg and 
shoulder stripes in horses of ver}^ dillerent breeds, in A’arious 
countries from Britain to Eastern China ; and from NorAA'ay in 
the north to the Malay Archipelago in the south. In all jiarts 
of the Avorld these stripes occur far oftenest in duns and mouse- 
duns; by the term 'dun a large range of color is included, from 
one betAveen broAAm and black to a close approach to cream- 
color. 
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I am aware tliat Colonel Hamilton Sinilli, who has written 
on this subject, believes that the several breeds of the horse 
arc descended from several aboriginal species — one of which, 
the dun, was striped ; and that the above-described ap])oar- 
anccs arc all due to ancient crosses with the dun stock. But 
this view may be safely rejected ; for it is highly iinjn-obaldc 
that the heavy liclgian cart-horse, AVclsh iconics, cobs, the lanky 
Katlywar race, etc., inhabiting the most distant parts of the 
world, should all have been crossed with one su])poscd aborigi- 
nal stock. 

Now let us turn to the cfTects of crossing the several species 
of the horse-genus. Kollin asserts that the common mule 
from the ass and horse is particularly apt to have bars on its 
legs ; according to !Mr. Gosse, in certain j^arts of the United 
States about nine out of ten mules have striped legs. I once 
saw a mule with its legs so much striped that any one might 
have thought that it was a hybrid-zebra; and Mr. AV. C. !Mar- 
tin, in his excellent treatise on the horse, has given a figure of 
a similar mule. In four colored drawings, which I have seen, 
of hybrids between the ass and zebra, the legs were much more 
plainly barred than the rest of the body; and in one of them 
there was a double shoulder-stripe. In Lord Morton’s famous 
hybrid from a chestnut marc and male qnagga, the hybrid, and 
even the ]^urc offspring subscrpiently produced from the marc 
l)y a black Arabian sire, were much more ]dainly barred across 
the legs than is even the pure quagga. I..astly, and this is an- 
other most remarkable case, a hybrid has been figured by Dr. 
Gray (and he informs me that he knows of a second ease) from 
the ass and the hcinionus ; and this hybrid, though the ass 
only occasionally has stripes on his legs and the hcinionus has 
none and has not even a shoulder-stripe, nevertheless had all 
four legs barred, and had throe short shoulder-stripes, like those 
on the dun Devonshire and Welsh |:>onies, and even had some 
zebra-like stri])cs on the sides of its face. With respect to 
this last fact, I was so convinced that not even a strijic of 
color appears from what is commonly called chance, that I was 
h*d solely from the ocenrrenee of the facc-sf rijies on this hybrid 
from the ass and In'inionus to ask Colonel Poole whether such 
face-stripes ever occurred in the eminentU striped Kattywar 
breed of horses, and was, as we have seen, answered in the 
alii rma live. 

AVhat now arc we to saj’^ to these several facts ? We sec 
several very distinct species of the horse-genus becoming, by 
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simple variiition, striped on the Ic^'S like a zebra, or stri])cd on 
the shoulders like an ass. In the horse w'c see this tendency 
stroll" wlienever a dim tint appears — a tint 'whicli approaches 
to that of the "ciieral coloriii" of the other species of the "e- 
nns. The aj^ipcarancc of the stripes is not accompanied by any 
chan"e of form or by any other new character. AVc see this 
tendency to become strijicd most strongly displayed in hybrids 
from between several of the most distinct species, Now ob- 
serve the case of the several breeds of pigeons : they arc de- 
scended from a pigeon (including two or three sub-species or 
geographical races) of a bluish color, with certain bars and 
otiier marks; and when any breed assumes by simple variation 
a l)luish tint, these bars and other marks invariably reappear ; 
but without any other change of form or character. 'When the 
oldest and truest breeds of various colors are crossed, we sec a 
strong tendency for the blue tint [iiul bars and marks to reap- 
])car in the mongrels. 1 have stated that the most probable 
liypothcsis to account for the reappearance of very ancient 
characters, is — that there is a tenOxncy in the young of each 
successive generation to produce the long-lost character, and 
that this tendency, from unknown cai;ses, sometimes prevails. 
And we have just seen that in several species of the horse- 
genus the stripes arc cither plainer or appear more commonly 
in the young than in the old. Call the breeds of pigeons, some 
of which have bred true for centui ies, species ; and how exact- 
ly parallel is the case with that of the species of the horse- 
genus ! For myself, I venture confidently to look back tliou- 
sands on thousands of generations, and I see an animal stnped 
like a zebra, butperhajis othcr\nsc very difTercntly constructed, 
the common parent of our domestic horse (whether or not it be 
descended from one or more v>dld stocks), of the ass, the hcini- 
onus, quagga, and zebra. 

He who believes tliat each equine species was indepen- 
dently created, will, I jwesume, assert that each species has 
been created 'with a tendency to vary, botli under Nature and 
under domestication, in this ])articuhir manner, so as often to 
become striped like other species of the genus; and that eacli 
has licen created with a strong tendency, when crossed with 
species inhabiting distant quarters of tlie world, to jiroduce 
hybrids resembling in their stripes, not their own parents, but 
other species of the genus, d'o admit this view is, as it seems 
to me, to reject a real for an unreal, or at least for an unknown, 
cause. It makes the works of God a mere mockery and dcc(‘}> 
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tion; I would jdinost as soon believe with the old and igno- 
rant cosino^onists, that fossil shells had nev’er lived, but had 
been createcl in stone so as to mock the shells living on the 
sea-shore. 

Sinmnari/, 

Our ignorance of the laws of variation is jjrofound. Not 
in one case out of a hundred can we pretend to assign any 
reason why this or that part has varied. But whenever avc 
have the means of instituting a comparison, the same laws 
a])pear to have acted in ])roducing the lesser diftercnccs be- 
tween varieties of the same s|)ccics, and the greater differences 
between .species of the same genus. Changed conditions gen- 
erally induce mere fluctuating variability, but sometimes tliey 
cause direct and definite etfccts ; and these may become 
strongly marked in the course of time, though we have not 
siillicient evidence on this head. Habit in producing constitu- 
tional peculiarities and use in strengthening and disuse in 
weakening and diminishing organs, a})pcar in many cases to 
have been potent in their etfccts. Homologous parts tend to 
vary in the same Avay, and homologous parts tend to cohere, 
i^dodifications in hard ]>arts and in external parts sometimes 
atfect softer and internal parts. When one part is largely 
developed, ]icrhaps it tends to draw nourishment from the ad- 
joining parts ; and every part of the structure which can be 
saved without detriment will be saved. Changes of structure 
at an early age may affect parts siibse(|ucntly developed; and 
many cases of correlated variation, the nature of which we arc 
unable to understand, undoubtedly occur. ^Multiple parts are 
variable in number and in structure, perhaps arising from such 
])arts not having been closely s]3ccialized for any j)articular 
function, so that their modilications have not been closely 
(‘hecked by natural selection. It follows probably from this 
same cause, that organic beings low in the scale arc more vari- 
able than tliosc standing higher in the scale, and which have 
their Avhoh? organization more specialized. Rudimentary or- 
g.ans, from being useless, arc not regulated by natural selec- 
tion, and hence arc variable. S|)ecitic characters — that is, the 
characters which liave come to difl'er since the several species 
of the same genus branched off from a common panmt — are 
more variable than generic^ characters, or those 'which have 
long been inherited, and hav(3 not ditfered within this same 
}icriod. In th<3se nanarks we have referred to special ]).irts or 
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orphans being still variable, because they have recently varied 
and thus come to differ; but ^xo have also seen in the second 
chapter that the same principle applies to the whole individual ; 
for in a district where many species of any genus are found — 
that is, where there has been much former variation and differ- 
entiation, or where the manufactory of new specific forms has 
been actively at work — in that district and among these spe- 
cies, we now find, on an average, most varieties. Secondary 
sexual characters are highly variable, and such characters differ 
much in the species of the same group. Variability in the 
same parts of the organization has generally been taken ad- 
vantage of in giving secondary sexual differences to the sexes 
of the same s])ecics, and specific differences to the several spe- 
cies of the same genus. Any part or organ developed to an 
extraordinary size or in an extraordinary manner, in compari- 
son with the same part or organ in the allied species, must 
have gone through an extraordinary amount of modification 
since the genus arose; and -thus we can understand why it 
should often still be variable in a much higher degree than 
other parts ; for variation is a long-continued and slow process, 
and natural selection will in such cases not as yet have had 
time to overcome the tendency to further variability and to 
reversion to a less modified state. I3ut when a species with 
any extraordinarily-developed organ has become the parent of 
many modified descendants — which on our view must be a 
very slow process, requiring a long lapse of time — in this case, 
natural selection has succeeded in giving a fixed character to 
the organ, in however extraordinary a manner it may have 
been developed. Species inheriting nearly the same constitu- 
tion from a common parent and exposed to similar infiuences, 
natumlly tend to present analogous variations, or these same 
species may occasionally revert to some of the characters of 
their ancient progenitors. Although new and important modi- 
fications may not arise from reversion and analogous variation, 
such modifications will add to the beautiful and harmonious 
diversity of Nature. 

'Whatever the cause may be of each slight difference be- 
tween the offspring and their parents — and a cause for each 
must exist — it is the steady accumulation, through natural se- 
lection, of beneficial differences that has given rise to all those 
modifications of structure which arc the most important for the 
welfare of each species. 
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ClIAPTEIl vr. 

DIFI'ICULTIKS OF THE TlIF.OnY. 

Difficulties of the Theory of Deecent with Modlflcation— Transitions— Absence or 
Darlly ot Traiisiiioiial Varieties— Transitions in Habits of Life — Diversified Ilab' 
its iu llic same Species— Species with Habits widely different from those of their 
Allies— Or/^ans of Extreme IVrfeetion— diodes of Transition— Cases of Difficulty 
— Natiira non facit sallnm— Orpans of small Importance— Organs not in all Cases 
absolutely perfect— The Law or Unity ot'Tj'pc and of the Condilions of Existence 
embraced by the Theory of Natural Selection. 

Long before liavini:^ arrived at this part of iiiy work, a 
crowd of dillicullics will have occurred to the reader. Some 
of them are so serious that to this day I can hardly rehcct on 
them witliout bcin^ stapf^cred ; but, to the best of my judef- 
ment, the frreater mimber arc only apparent, and those that are 
real are not, I think, fatal to my theory. 

These dHTiculties and objections may be classed under the 
following heads: First, Avhy, if species have descended from 
Ollier species by insensibly line f^radations, do we not every- 
where sec iminmeralilc transitional fomis? Why is not all 
nature in confusion, instead of the species being', ns wc see 
them, well defined ? 

Secondly, is it possible that an animal having, for instance, 
tlic structure and liabits of a bat, conld liavo been formed by 
tlie modification of some animal with widclyHlillcrcnt strnctnre 
and habits? Can we lielievc that natural selection conld pro- 
duce, on the one hand, organs of trifling importance, such as 
tlic tail of a giraffe, whieli serves as a fl^'-flapper, and, on the 
other liand, organs of such wonderful structure, as the eye, of 
which we hardly as yet fully understand flic inimitable jierfee- 
tion ? 

Thirdly, can instincts he acquired and modified through 
natural selection ? Wliat shall we say to so marvellous an 
instinct as that which leads the bee to make cells, which has 
practically anticipated 11 ki discoveries of profound mathema- 
ticians ? 
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Fourthly, how can we account for species, v»’hcn crossed, 
being sterile and ])rodncing sterile offspring, whereas, when 
varieties are crossed, their fertility is unimpaired? 

The first two heads shall be here discussed — Instinct and 
Hybridism in separate chapters. 

On the Absence or Jlarlty of IVansitional 'Wirleties, 

As natural selection acts solely by the preservation of 
profitable modifications, each new form will tend in a fully- 
stocked country to take the place of, and finally to exterminate, 
its owTi less improved ]:>arcnt-fonn and other less-favored forms 
with which it comes into competition. Tims extinction and 
natural selection go hand in hand. lienee, if we look at each 
species as descended from some other unknown form, both tlie 
]mrcnt and all the transitional varieties will generally have 
been exterminated by the very process of the formation and 
]3crfection of the new form. 

But, as by this theory innumerable transitional forms must 
have existed, why do we not find them embedded in countless 
numbers in the crust of tlic earth. It will be more convenient 
to discuss this question in the chapter on the Imperfection of 
Ihc Geological Uecord ; and I will here only state that I be- 
lieve the answer mainly lies in the record being incomparably 
less perfect than is generally supj^osed. The crust of the earth 
is a vast museum ; but the natural collections have been iinpcr- 
fectly made, and only at long intervals of time. 

But it maybe urged that when several closely-allied species 
inhal)it the same territory, we surely ought to find at the pres- 
ent lime many transitional forms. Let us take a simple ease: 
in travelling from north to south over a continent, we generally 
meet at sueecssive intervals witli closely-allied or representa- 
tive species, (Evidently filling nearly the same ])lacc in the nat- 
ural economy of the land. These representative species often 
meet and interlock ; and as the one becomes rarer and rarer, 
the other becomes more and more frequent, till the one re- 
places the other. But if we compare these sjiccics where they 
inlermhigle, they arc generally as absolutely distinct from each 
other ill every detail of structure as are s])ecimcns taken from 
the metropolis inhabited by each. By my theory these allied 
species arc descended from a common parent ; and, during the 
jirocess of modillcation, each has become adapted to the con- 
ili lions of lif(^ of its own region, and has sn]iphmted and ex- 
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toriniiiated its original pnront-form and all the transitional va- 
rieties between its p;ist and present states. Henee we oiiglit 
not to expect at the present time to meet with numerous tran- 
sitional varieties in eaeli region, though they must have ex- 
isted tluTe, and may be embedded there in a fossil condition. 
But in the intermediate region, having intermediate conditions 
of lift', why do we not now hiid closely-linking intermediate 
varieties? Tliis dilliciilt}^ for a long time quite confounded 
me. But I tliink it can be in large part explained. 

In the fn-st place, we should be extremely ciuitious in infer- 
ring, because an area is now continuous, tliat it has been con- 
tinuous during a long period. Geology would lead us to be- 
lieve tliat most continents have been broken up into islands 
even during the later tertiary periods; and in such islands 
distinct species might have been sepaiatcly formed without 
the ]iossibility of intermediate varieties existing in the inter- 
mediate zones. By changes in the form of the land and of 
climate, marine areas now continuous must often have existed 
within recent times in a far less continuous and uniform condi- 
tion tlian at present. But I will ])ass over this way of escap 
ing from the diihculty ; for I believe that many pcrfcctljMle- 
fincd species have been formed on stricth^ continuous ai'cas; 
though I do not doubt that the formerly broken condition of 
areas now continuous has pla}"ed an important part in the for- 
mation of new species, more especially with freely-crossing and 
wandering animals. 

In looking at species as they arc now distributed over a 
wide area, we generally find them tolerably numerous over a 
large territory, then becoming somewhat abrnjitly rarer and 
rarer on the confines, and finally disajipcaring. Hence the 
neutral territory l)etwocn two representative species is gener- 
ally narrow in comparison with the territory proper to each. 
AVe sc(^ the same fact in ascending mountains, and sometimes 
it is quite remarkable ho\v abruptly, as Alph. de Candolle has 
observed, a common alpine species disap]icars. The same fact 
has l)ccu noticed by E. Forbes in sounding the depths of the 
S('a with the dredge, 'lb those M’ho look at climate and the 
]iliysieal conditions of life as the all-imjiortant elements of dis- 
tribution, these facts ought to cause surprise, as climate and 
In'ight or depth graduate away insensibl}*. 13ut when we bear 
in mind that almost every s]i('(*ies, even in its metroj)olis, would 
increase immensely in miinbcrs, were it not for other eoin- 
pctiiig species; that nearly all either prey on or serve as prey 
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for others; in short, that cacli organic being is cither directly 
or indirectly related in the most important manner to other 
organic beings, we must sec that the range of the inhabitants 
of any country b}" no means exclusively depends on insensibly 
changing jihysical conditions, but in large part on the presence 
of other species, on which it lives, or by which it is destroyed, 
or with which it comes into competition ; and as these species 
are already defined objects, not blending one into another by 
insensible gradations, the range of any one species, depending 
as it does on the range of others, will tend to be sharply de- 
fined. Moreover, each species on the confines of its range, 
where it exists in lessened numbers, will, during fluctuations 
in the number of its enemies or of its prey, or in the seasons, 
be extremely liable to utter extermination ; and thus its geo- 
graphical range will come to be still more sharplj^ defined. 

If I am right in believing that allied or representative spe- 
cies, when inhabiting a continuous area, are generally so dis- 
tributed that each lias a wide range, with a comparatively 
narrow neutral territory between them, in wliich they become 
rather suddenly rarer and rarer; then, as varieties do not essen- 
tially difler from species, the same rule will probably apply to 
both ; and if we take a varying species inhabiting a very large 
area, we shall have to adapt two varieties to two large areas, 
and a third variety to a narrow intermediate zone. The inter- 
mediate variety, consequent!}", will exist in lesser numbers 
from inhabiting a narrow and lesser area ; and practically, as 
fiir as I can make out, this rule holds good with varieties in a 
state of nature. I have met witli striking instances of the 
rule in the case of varieties intermediate between well-marked 
varieties in the genus Balamis. And it would appear from 
information gh*en me by !Mr. AVatson, Dr. Asa Gray, and Air. 
AVollaston, that generally, when varieties intermediate between 
two other forms occur, they are much rarer miinerically than 
the forms which they connect. Now, if we may trust these 
facts and inferences, and theieforc conclude that varieties link- 
ing two other varieties together have generally existed in 
lesser numbers than the forms which they connect, then, I think, 
we can understand why intermediate varieties should not en- 
dure for very long periods ; why, as a general rule, they should 
be exterminated and disapj^ear, sooner than the forms v>*hich 
they originally linked together. 

For any form existing in lesser numbers would, as already 
remarked, nm a greater chaneg of being exterminated than 
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one cxistiiii!; in large numbers; and in this parlieular case the 
intermediate form would be eminently liable to the inroads 
of closely-allied forms existing on both sides of it. But a far 
more important consideration, as I believe, is that, during the 
j)roccss of further modification, by which two varieties are 
supposed to be converted and perfected into two distinct spe- 
cies, tlic two which exist in larger numbers, from inliabiting 
larger areas, will have a great advantage over tlic intermediate 
variety, which exists in smaller numbers in a narrow and inter- 
mediate zone. For forms existing in larger numbers will al- 
ways have a better chance, within any given period, of ]iresent- 
iiig further favorable variations for natural selection to seize 
on, than will the rarer forms which exist in lesser numbers. 
Hence, the more common forms, in the race for life, will tend 
to beat and supplant the less common forms, for tlicsc will be 
more slowly modified and improved. It is the same princijde 
which, as I believe, accounts for the common species in each 
country, as shown in the second chapter, presenting on an 
average a greater number of Avcll-marked varieties than do the 
rarer species. I may illustrate what I mean hy supposing three 
varieties of sheep to be kept: one adapted to an extensive 
mountainous region ; a second to a comparatively narrow, hilly 
tract; and a third to wide plains at the base; and that the 
inhabitants arc all trying with equal steadiness and skill to 
improve their stocks by selection ; the chances in this case will 
be strongly in favor of the great holders on the mountains or 
oil the plains imjiroving th.cir breeds more quicldy than the 
small holders on the intermediate narrow, hilly tract; and con- 
sequently the improved mountain or plain breed will soon 
bike the jilacc of the less improved hill-breed ; and thus the 
two breeds, which originally existed in greater numbers, will 
come into close contact with each other, without the interpo- 
sition of the supplanted, intermediate hill-variety. 

To sum up, 1 believe that species come to be tolerably well- 
defined objects, and do not at any one period present an inex- 
tricable chaos of varying and intermediate links : first, because 
new varieties arc very slowly formed, for variation is a slow 
])roccss, and natural selection can do nothing until favorable 
individual difTi'rcuecs or variations occur, and indil a ])lacc in 
the natural polity of the conntiy can be better filled liy some 
inodifieation of some one or more of its inliabitanls. And such 
ciicw places will dc]i(Mid on slow change.^ of climate, or on the 
occasional immigration of new inhabitants, and, ])robably, in a 



17-2 



ABSENCE OK KAKITY 



CiiAr. VI. 



still more iinportaiit decree, on some of the old inhabitants be- 
coming slowly modified, with the new forms thus produced 
and the old ones acting and reacting on each other. So that, 
in any one region and at any one time, we ought only to sec 
a few species presenting slight modifications of structure in 
some degree permanent ; and this assuredly tve do see. 

Secondly, areas now continuous must often have existed 
within the recent period as isolated portions, in which many 
forms, more especially among the classes which unite for each 
birth and wander much, may have separately been rendered 
sulliciently distinct to rank as representative species. In this 
ease, intermediate varieties between the several representative 
species and their common parent, must have existed formerl}^ 
within each isolated portion of the land, but these links during 
the process of natural selection will have been supplanted and 
exterminated, so that they will no longer be found in a living 
state. 

Thirdly, when two or more varieties have been formed in 
different jiortions of a strictly continuous area, intermediate 
varieties will, it is probable, at first have been formed in the 
intermediate zones, but they will generally have had a short 
duration. For these intermediate varieties will, from reasons 
already assigned (namely, from Avhat we know of the actual 
distribution of closely-allied or representative species, and lilce- 
wise of acknowledged varieties), exist in the intermediate zones 
in lesser numbers than the varieties which they tend to con- 
nect. From this cause alone the intermediate varieties will 
be liable to accidental extennination ; and during the proce.ss 
of further modification through natural selection, they will al- 
most certainly be beaten and supplanted by the forms which 
they connect; for these from existing in greater numbers will, 
in the aggTCgate, present more variation, and thus be further 
improved through natural selection and gain further advan- 
tages. 

Lastly, looking not to any one time, but to all time, if 
my theory be true, mnnl)erless iutermediatc varieties, linking 
closely together all the species of the same group, must assur- 
edly have existed; but the very process of natural selection 
constantly tends, as has been so often remarked, to exterminate 
the parent-forms and the intermediate links. Consequently 
evidence of their former existence could be found only among 
fossil remains, which arc preserved, as we shall in a future* 
chapter attem])t to show, in an extremely imperfect and inter- 
mittent record. 
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On the Origin and dVansltlons of Organic JJeuigs iclth pccu- 
liar Jlablfs and Structure, 

It lias been asked by the opponents of such views as I hold, 
how, for instaiic(*, a land carnivorous animal could have been 
converted into one with aquatic habits ; for how could the ani- 
mal in its transitional slate liaAC subsisted? It would be cas}" 
to show that witliin the same groiij) carnivorous animals exist, 
having every intermediate grade between trul}" aquatic and 
strictly terrestrial habits ; and as each exists by a struggle for 
life, it is clear tliat each is well adapted in its habits to its 
place in Nature. Look at the Mustelavison of North Aincnca, 
which has webbed feet, and which resembles an otter in its fur, 
short legs, and form of tail; during summer this animal dives 
for and ]jreys on fish, but during the long winter it leaves the 
frpzen Avaters, and iwej’S, like other polecats, on mice and land 
animals. If a diflerent case had been taken, and it had been 
asked how an insectivorous quadruped could i)Ossibly have 
been converted into a flying bat, the question would havcl)ecn 
far more difiicult to answer. Yet I think such difficulties have 
little weight. 

Here, as on other occasions, I lie under a heavy disad^'an- 
tage, for, out of the many striking cases which I have collected, 
I can give only one or two instances of transitional habits and 
structures in closely-allied species of the same genus; and of 
diversified habits, either constant or occasional, in the same 
species. And it seems to me that nothing less than a long 
list of such cases is sufficient to lessen the difficulty in any par- 
ticular case like that of the bat. 

Look at the family of squirrels : here we have the finest gra- 
dation from animals with their tails only slightly fiattened, and 
from other.«, as Sir J. Lichardson has remarked, with the pos- 
terior part of their bodies rather wide and with tlie skin on 
their flanks rather full, to the so-called flying-squirrels ; and fly- 
ing-squirrels have their limbs and even the base of the tail united 
by a broad ex])anse of skin, which serves as a parachute and 
allows them to glide through tlic air to an astonisliing distance* 
from tree to tree'. AVe cannot doubt that each structure is of 
use to each kind of squirrel in its own country, by enabling it 
to escape birels or beasts of ])rey, or to collect fooel moie 
e]uickly, or, as there is reason to believe, by lessening the elaii- 
ger from oce'asional falls. But it does not follow from this fact 
that the structure of each squirrel is the best that it is possible 
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lo conceive imclcr all natural conditions. Let the eliinate and 
v^egetation change, let other competing rodents or new beasts 
of j)rcy immigrate, or old ones become modified, and all anal- 
ogy would lead us to believe that some at least of the squirrels 
would dcercasc in numbers or become exterminated, unless 
they also became modified and improved in structure in a cur- 
rcs])onding manner. Therefore, 1 can sec no dilficulty, more 
esjiecially under changing conditions of life, in the continued 
prescrvalion of individuals with fuller and fuller flank-mcin- 
braiics, each modification being useful, each being propagated, 
until, by the accumulated eflects of this process of natural selec- 
tion, a ])erfect so-called flying-squirrel was produced. 

Now look at the Galcopithccus, or flying lemur, which for- 
merly was ranked among bats. It has an extremely wide 
flank-membrane, stretching from the corners of the jaw to the 
tail, and including the limbs and the elongated fingers ; the 
flank-membrane is, also, furnished with an extensor muscle. 
Although no graduated links of structure, fitted for gliding 
through the air, now connect the Galcopithccus with the other 
Lemuridie, yet there is no difliculty in supposing that such links 
formerly existed, and that each had been formed by the same 
steps as in the case of the less perfectly gliding squirrels ; and 
that each grade of structure was useful to its possessor. Nor 
can I see any insuperable diiriculty in further bclieAungit possi- 
ble that the membrane-connected fingers .and forearm of the 
Galcopithccus might be greatly lengthened by natural selec- 
tion; and this, as far as the organs of flight arc concerned, 
would convert it into a bat. In certain bats which have the 
wing-membrane extended from the top of the shoulder to the 
tail, including the hind legs, we perhaps yet sec actual traces 
of an apparatus originally fitted for gliding through the air 
rather than for flight. 

If about a dozen genera of birds had become extinct or 
were unknown, who would have ventured to surmise that birds 
might have existed which used their wings solely as flappers, 
like the logger-headed duck (Microptcrus of Eytoii) ; as lins in 
the water and front legs on the land, like the penguin ; as 
sails, like the ostrich ; and functionally for no purpose, like the 
Apteryx? Yet the structure of each of these birds is good for 
it, under the conditions of life to which it is exposed, for each 
has to live by a stnjggle ; but it is not necessarily the best 
possible under all possible conditions. It must not l)c inferred 
from these remarks that any of the grades of wing-structure 
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here iilluded to, which perhaps may all have resulted from dis- 
use, indieatc the natural steps by wliicli l)irds have accpiired 
their jierfect ]x>wcr of flip;ht ; but tlicy serve, at least, to show 
what diversified means of transition arc possible. 

Seeing that a few members of such water-breathing classes 
as the Crustacea and ^lollusca arc adapted to live on the landj 
and sccini^ that wc have ilyin^ birds and mammals, %ing in- 
sects of tlie most divei’sifiiH.l types, and formerly liad Ilyins^ re|>- 
tiles, it is conceivable that llyiiig-fish, whicli now glide far 
through the air, slightly rising ami tunhng by the aid of their 
Ihittering llns, might have been modified into pcrfcctl}"- winged 
animals. K this had been cficctcd, who would have ever im- 
agined that in an early ti-ansitional state they had been the in- 
habitants of the open ocean, and had used their incipientorgaiis 
of flight cxclusivel}”, as far ns wc kno\v, to escape being de- 
voured by other fish V 

AVhen we sec any structure highly perfected for an\' par- 
ticular habit, as the wings of a bird for llight, wc should bear 
in mind that animals displaying early transitional grades of the 
structure will seldom exist at the present day, for they will 
have been suj^planted by their successors, which were gradu- 
ally rendered more perfect through natural selection. Further- 
more, wc may conclude that transitional states between struct- 
ures fitted for very dilYcrcnt habits of life v/ilUrarcl}^ have been 
developed at an early period in great numbers and under many 
subordinate forms. Thus, to return to our imaginary illustra- 
tion of tlic liying-fish, it docs not seem probable that fishes 
c apable of true flight would have been developed under many 
subordinate forms, for taking prey of many kinds in many 
ways, on the land and in the water, until their organs of llight 
had come to a high stage of perfection, so as to have given 
them a decided advantage over other animals in the battle for 
life. Hence the chance of discovering species with transition- 
al grades of structure in a fossil condition will alwa>*s be less, 
from their having existed in lesser numbers, than in the case 
of sjiecies with fully-dcvclojicd structures. 

I will now give two or three ihstances of diversified and of 
changed habits in the individuals of the same s]iecics. In 
either case it would be easy for natural selection to adapt the 
structure of the animal to its chai\^cd habits, or exclusivel}' to 
one of its several habits. It is, however, dillicnlt to decide, and 
immaterial for us, whether habits generally change first and 
structure afterward ; or whether slight modifications of striic- 
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lure lead to changed liabits ; both probably often occnrrin^^ al- 
most siimiltaiieously. Of cases of changed liabits it will siillicc 
merely to allude to that of the many British insects which now 
feed on exotic }dants, or exclusively on artificial substances. 
Of diversified habits innumerable instances could be given : I 
have often watched a tyrant tlycatclier (Saurojihagus sulj)liii- 
ratus) in South America, hovering over one spot and then 
proceeding to another, like a kestrel, and at other times stand- 
ing stationary on the margin of water, and then dashing into 
it like a kingfisher at a fish. In our own country the larger 
titmouse (Parus major) may be seen climbing branches, almost 
like a creeper; it sometimes, like a shrike, kills small birds by 
blows on the head; and I have many times seen and heard it 
hammering the seeds of the yew on a branch, and thus break- 
ing them like a nuthatch. In JNorth xVmcrica the black bear 
was seen by Hearnc swimming for hours with widely-o]^en 
mouth, thus catching, almost like a whale, insects in the water. 

As we sometimes sec individuals of a species following 
habits widely different from those of their own species and of 
the other s]iecies of the same genus, wo might expect that 
such individuals would occasionally give rise to new’ species, 
having anomalous habits, and with their structure either 
slightly or considerably modified from that of their proper 
type. And such instances do occur in Xaturc. Can a more 
striking instance of adaptation be given tlian that of a wood- 
])cckcr for climbing trees and seizing insects in the chinks of the 
bark ? Yet in North America there are woodpcckei-s wliicli 
feed largely on fruit, and others with elongated wings which 
chase insects on the wing\ On the ]dains of La Plata, where 
not a tree grows, there is a woodpecker (Cola])tcs camjicstris) 
which has two toes before and two behind, a long jiointed 
tongue, pointed tail-feathers, suniciently still to su]ijiort the 
bird in a vertical position on a ]iost, but not so stiff as in the 
tj"}>ical w’oodpcckers, and a straight, strong beak. The beak, 
however, is not so straight or so strong as in the typical wood- 
peckers, but it is strong enough to bore into wood. Ilencc this 
Colaptcsin all the essential ]i:ii ts of its structure is a woodptx*k- 
er. Even in such trilling characters as the coloring, the harsh 
tone of the voice, and iindulatory flight, all ]ilainly declared its 
close blood-relationship to ou|; common wood])Ccker ; yet, as 1 
can assert, not only from my own observation, but from that 
of the accurate Azara, it- never climbs a tree ! I may mention, 
as another illustration of the varied liabits of the tribe, that a 
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Mexican Colaptcs Iiiis been dcscribccl by De Saiissurc as boring; 
liolcs into bard wood in order to lay up a store of acorns, but 
for wliat use is not }X*t known. 

Petrels arc the most aerial and oceanic of birds, but in the 
quiet sounds of Tierra del Fiiego, the Puirmiiria berardi, in its 
general habits, in its astonishing power of diving, its manner 
of swimming, and of Hying when made to take Higlit, would be 
mistaken by anyone for an auk or a grebe; nevertheless it is es- 
sentially a petrel, but with many parts of its organization pro- 
foundly modified in relation to its new habits of life; whereas 
the woodpecker of L:i Plata has had its structure only slighllj" 
inodilied. In the ease of the water-ouzel, the acutest observer 
by examining its dead body would never Iiavc suspected its 
siib-aqualic habits; yet this bird, which is allied to the thrush 
family, wholly subsists by diving — using its wings under 
water, and grasjnng stones with its feet. All the members of 
the great oi'der of Ilyniciioptcrous insects arc terrestrial, ex- 
cepting the genus Proctotrupes, which Sir John Lubbock has 
rcccntl}" discovered to be ac[uatic in its habits ; it often enters 
the water and dives about by the use not of its legs but of its 
wings, and remains as long as four hours beneath the surface ; 
yet not the least modification in its structure can be detected 
in accordance with such abnormal habits, 

lie who believes that each being has been created as we 
now sec it, must occasionally have felt surprise when he has 
met with an animal having habits and structure not at all in 
agreement. AVhat can be plainer than that the webbed feet of 
ducks and geese are formed for swimming? Yet, there are up- 
land geese with webbed feet which rarely or never go near the 
water; and no one except Audubon has seen the frigate-bird, 
which has all its four toes webbed, alight on the surface of the 
ocean. On the other hand, grebes and coots arc eminently 
arpiatic, although tlnur toes are only bordered hy membrane, 
What seems jdainer than that the long toes, not furnished with 
membrane, of the Grallatores are formed for walking over 
swamps and tloaling plants? The water-hen and landrail are 
members of this order, yet the first is nearly as ac|uatic as the 
cf)ot, and the second nearly as terrestrial as tluj c[uail or ])ar- 
tridge. In such eases, and many others could be given, habits 
have changed without a corresponding change of structure. 
The webbed feet of the ujdand goose may be saitl to have be- 
come rudimentary in function, tliough not in structure. Lithe 
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frigate-bird, the dcc])ly-scoopcd membrane between tlic toes 
shows that structure has begun to ehange. 

lie Avho believes in separate and innumerable acts of erea- 
tion may say, that in those cases it has pleased tlic Creator to 
cause a being of one type to take the place of one belonging to 
another ; but this seems to me only restating the fact in 
dignified language. lie who believes in the struggle for ex- 
istcnce and in the principle of natural selection, will acknowl- 
edge that every organic being is constantly endeavoring to 
increase in numbers ; and that if any one varies ever so little, 
either in habits or structure, and thus gains an advantage over 
some other inhabitant of the country, it will seize on the ])lace 
of that inhabitant, however different it may be from its own 
place. Hence it will cause him no surprise that there should 
be geese and frigate-birds wuth webbed feet, living on the dry 
land, or most rarely alighting on the water; that there should 
be long-toed corncrakes, living in meadows instead of in 
swamps; that there should be woodpeckers where not a tree 
grows ; that there should be diving thrushes and diving Hymen- 
ojffera, and petrels with the habits of auks. 

Organs of J^xtreme Perfection and Complication, 

To suppose that the eye with all its inimitable contrivances 
for adjusting the focus to different distances, for admitting 
different amounts of light, and for the correction of si)lierical 
and chromatic aberration, could have been formed by natural 
selection, seems, I freely confess, absurd in the highest degree. 
When it was first said that the sun stood still and the world 
turned round, the common-sense of inankinel declared the doc- 
trine false ; but the old saying of T "ox pojndl^ vox Pei, as every 
jffiilosoiffier knows, cannot be trusted in science, licason tells 
me, that if numerous gradations from an imperfect and sim]ffc 
eye to one jicrfect and complex, each grade being useful to its 
possessor, can be shown to exist, as is certainly the case; if 
further, the eye ever slightly varies, and the variations be inher- 
ited, as is likewise certainly the ease ; and if such variations 
should ever be \isefiil to any animal under changing conditions of 
life, then the difficulty of believing that a ])erfect and complex 
e}"c could Ijc formed by natural selection, though insuperable 
by our imagination, cannot be considered real. How a nerve 
comes to be sensitive to light, hardly concerns us more than 
how life itself first originated ; but I may remark that, as some 
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of the lowest organisms, in which nerves cannot be dclecled, 
are known to be sensitive to light, it docs not seem impossildc 
that certain elements in the sarcode, of which they arc mainly 
composed, should become aggregated and developed into nerves 
endowed with this special sensibility. 

In searching for the gradations through which an organ in 
any species has been perfected, we ought to look exclusively to 
its lineal progenitors ; but this is scarcely ever possible, and we 
arc forced to look to other species and genera of the same 
group, that is, to the collateral descendants from the same 
])arcnt-form, in order to sec what gradations arc possible, and 
for the chance of some gradations liaving been transmitted in 
an unaltered or little altered condition. But the state of the 
organ even in distinct classes may incidentally throw light on 
the steps by which it has been perfected in any one species. 

The simplest organ which can 1)C called an eye consists of 
an optic nerve, surrounded by pigment-cells covered by trans- 
lucent skin, but without any lens or other refractive bod}'. AVc 
may, however, according to M. Jourdain, descend even a step 
lower and find aggregates of pigment-cells, ajiparcntly serving 
.as an organ of vision, but without any nerve, and resting merely 
on sarcodic tissue. Eyes of the above simple nature arc not 
capable of distinct vision, and serve only to distinguish light 
from darkness. In certain starfishes, small depressions in the 
layer of pigment which surrounds the nerve arc filled, as de- 
scribed by the author just quoted, with transparent gelatinous 
matter, projecting with a convex surface, like the cornea in the 
higher animals. He suggests that this serves not to form an 
image, but only to concentrate the luminous rays and render 
their perception more easy. In this concentration of the rays 
we gain the first and by far the most important step toward 
the formation of a true, picture-forming ewe; for we hav(' only 
to ])lace the naked extremity of the optic nerve, which in some 
of the lower animals lies deeply buried in the body, and in 
some near the surface, at the right distance from the concentmt- 
ing apparatus, and an image will be formed on it. 

In the great class of the Articulata, we may start from an 
optic nerve simjdy coated with pigment, the latter sometimes 
forming a sort of puj^il, but destitute of a lens or otlier optical 
contrivance. ^Vitil insects it is now known that tlie numer- 
ous facets on the cornea of the great comjiound eyes form 
true lenses, and that the cones include curiously-modified 
nervous filaments. But these organs in the Articulata arc so 
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iniieli diversified that Miiller formerly made tliree main classes 
of com])ound e^’cs Avitli seven subdivisions, l^esidcs a fourth 
main class of ag*o;rc^atcd simple eyes. 

When we reflect on these facts, here given too Ijriefly, with 
respect to the wide, diversified, and graduated range of struct- 
ure in the eyes of the lower animals; and wlieii we bear in 
mind how small the number of all the forms now living must 
l)e in comparison with those which have become extinct, the 
diniculty ceases to be very great in believing that natural se- 
lection may liave converted the simple apparatus of an optic 
nerve, coated with pigment and invested by transparent mem- 
brane, into an optical instrument as perfect as is possessed by 
any member of the great Articulate Class. 

He who will go thus far, ouglit not to hesitate to go one 
step further, if he finds on finishing this volume tliat large bod- 
ies of facts, otherwise inexplicable, can be explained by the 
theory of descent with modification ; he ought to admit that a 
structure even as jicrfcct as an eagle’s eye might be formed by 
natural selection, although in tliis case he docs not know the 
transitional states. It has been objected that, in order to mod- 
ify the eye and still preserve it as a perfect instrument, many 
changes would have to be effected simultaneously, which, it is 
assumed, could not be done through natural selection ; but, as 
I have attempted to show in iny work on the variation of do- 
mestic animals, it is not necessary to suppose that all the modi- 
fications were simultaneous, if they were extremely slight and 
gradual. Even in the most highly-organized division of the 
animal kingdom, namely, the Vertebrata, we can start from an 
e}'C so simple, that it consists, as in the lancclet, of a little 
sack of transparent skin, furnished with a nerve and lined with 
pigment, but destitute of any other apparatus. In both fishes 
and reptiles, as Owen has remarked, the range of gradations 
of dio])tric structures is very great.” It is a significant fact 
that even in man, according to the high authority of A^irchow, 
the beautiful crystalline lens is formed in the embryo by an 
accumulation of epidermic cells, l^nng in a sack-like fold of the 
skin ; and the vitreous body is formed from embryonic subcu- 
taneous tissue. It is indeed indispensable, in order to arrive at 
a just conclusion regarding the formation of the eve, with all 
its marvellously perfect characters, that the reason should con- 
cpicr tlie imagination ; but I have felt this dilliculty far too 
keenly to bo surprised at any degree of hesitation in extend 
ing the principle of natural selection to so startling a length. 



Chap. VI. 



AND COMPLICATION. 



181 



It is scarcely possible to avoid comparing tlic eye with a 
telescope. AVe know that this instrument has been j)erlected 
by the loii^-eontiiiiied cirorts of the highest human intellects ; 
and we naturally infer that the eye has been formed by a some- 
what analoproiis process. But may not this inference be i)rc- 
siimptuoiis V Have wc any rips'll t to assume that tlic Creator 
works by intellectual ])owers like tliose of man? If we must 
compare the eye to an optical instrument, we ought in imagi- 
nation to take a thick layer of transparent tissue, with spaces 
lilled with Iluid, and with a nerve sensitive to light beneath, 
and then suppose every part of this layer to be continually 
changing slowly in density, so as to separate into layers of 
dillerent densities and thicknesses, jdaced at dilTerent distances 
from each other, and with the surfaces of each layer slowly 
( hanging in form. Further, we must suppose that there is a 
]>ower, represented by natural selection or the survival of the 
iittest, always intently watchino* each slight alteration in the 
transparent layers; and carefully preserving each which, under 
varied circumstances, in any way or in any degree, tends to 
jiroducc a distincter image. We must su])pose each new state 
of the instrument to be multiplied by the million ; each to be 
pn'served until a better one is produced, and then the old ones 
to be all destroyed. In living bodies, variation will cause the 
slight alterations, generation will multiply them almost inli- 
nitely, and natural selection will pick out with unerring skill 
each improvement. Let this process go on for millions of 
years ; and during each year on millions of individuals of many 
kinds; and may we not believe that a living optical instrument 
might thus be formed as superior to one of glass, as the works 
of tlic Creator are to those of man ? 

J Lodes of Transition. 

If it could be demonstrated that any complex organ existed, 
which could not ])cssibly have been formed by numerous, suc- 
cessive, slight modifications, my theory would absolutely bivak 
down. But I can find out no such case. Xo doubt many or- 
gans exist of which wc do not know the transitional grades, 
more especially if we look to much-isolated spc'cics, round 
which, according to the theory, there has been much extinction. 
Or again, if wo take an organ common to all the members of 
a large cla.ss, for in this latter case the organ must have been 
originally formed at an extremely remote period, since which 
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all the mail}' members of tlie elass have been developed; and, 
ill order to discover the early transitional grades through 
which the organ has passed, we should have to look to very 
ancient ancestral forms, long since become extinct. 

We should be extremely cautious in concluding that an or- 
gan could not have been formed b}' transitional gradations of 
some kind. Numerous eases could be given among the lower 
animals of the same organ performing at the same time wholly 
distinct functions ; thus the alimentary canal respires, digests, 
and excretes, in the larva of tlie dragon-lly and in the lish Co- 
bites. In the Hydra, the animal may be turned inside out, and 
the exterior sm-face will then digest and the stomach respire. 
In such cases natural selection might specialize, if any advan- 
tage were thus gained, the whole or part of an organ, which 
had prcvioTisly performed two functions, for one function alone, 
and thus by insensible steps greatl}^ change its natme. Many 
plants are known which regularly produce at the same time 
diflercntly-constructed flowers ; and if such plants were to pro- 
duce one kind alone, a great change would in some cases be 
eficcted in tlie character of the species. It can also be shown 
that the production of the two sorts of flowers by the same 
plant has been clfccted by fmelj’-graduated steps. Again, two 
distinct organs in the same individual may simultaneously per- 
form the same function, and this is a highly-important means 
of transition : to give one instance — there are fish with gills 
or branchim that breathe the air dissolved in the water, at the 
same time that they breathe free air in their swim-bladders, 
this latter organ being divided by highlj'-vascular partitions, 
and having a ductus pncumaticus for the supply of air. To 
g-ive another instance from the vegetable kingdom: plants 
climb by three distinct means, by spirally twining, by clasping 
a support with their sensitive tendrils, and by the emission of 
aerial rootlets; these tlirce means are usualljHonnd in distinct 
groups, but some few plants exhil^it two of the means, or even 
all three, combined in the same individual. In all such cases 
one of the two organs for performing the same function might 
be mochfied and perfected so as to ])erform all the work, being 
aided during the progress of modification by the other organ; 
and then this otlier organ might be modified for some other 
and quite distinct purpose, or be wholly obliterated. 

The illustration of the swim-bladder in fishes is a good one, 
because it shows us clearly the higher important fact that an 
organ originall}" constructed for one purpose, namely flotation. 
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may 1)0 coiivcriccl into one for a widcly-cliffercnt purpose, 
namely, resj)iratlon. The swim-bladder has, also, been worked 
in as an accessory to the auditory org“ans of certain fish. All 
]>liysiologists admit that the swim-bladder is homologous, or 
“ideally similar” in position and structure with the lungs of 
the higher vertebrate animals: hence there is no reason to 
doubt that the swim-bladder has actually been converted into 
lungs, or an organ used exclusively for respiration. 

According to this view it may be inferred that all vertebrate 
animals with true lungs have descended by ordinary generation 
from an ancient and unknown ])rototy})c, which was furnislied 
with a floating apparatus or swim-bladder. We can tlius, as I 
infer from Owen’s interesting description of these jxirts, under- 
stiyid the strange fact that every particle of food and drink 
which we swallow has to pass over the orifice of the tracliea, 
with some risk of falling into Die lungs, notwithstanding the 
beautiful contrivance by which the glottis is closed. In the 
higher Vcilebrata the branch im have wholly disappeared — but 
in the embryo the slits on the sides of the neck and the loop- 
like course of the arteries still mark their former position. But 
it is conceivable that tlie now utterly lost branch iie might have 
been gradually worked in by natural selection for some distinct 
purpose : for instance, the branchiie and dorsal scales of Annc- 
lids arc believed to be homologous with the wings and wing- 
covers of insects, and it is not improbable that with our existing 
insects organs, wliich at an ancient ])eriod served for respiration, 
have actually been converted into organs of flight. 

In considering transitions of organs, it is so important to 
bear in mind the probability of conversion from one function to 
another, that i will give another instance. Pedunculated cir- 
ripedcs have two minute folds of skin, called by me the ovigerous 
frena, whk-h serve, through the means of a sticky secretion, to 
retain the eggs until they are hatched within tlu‘ sack. These 
cirripedes have no branchhe, the whole surface of the body and 
of the sack, together with the small frena, serving for resj)ira- 
tion. The Balanida^, or sessile cirripedes, on the other hand, 
have no ovigerous frena, the eggs lying loose at thc^ bottom of 
vhe sack, within the widl-eiK'losed shell ; but they have, in the 
same relative position with the frena, large, much-folded mem- 
branes, which freely communicate with the circulatory laeuiue 
of the sack and body, and which have been considered to be 
l)ranchiie by Prof. Owen and by all other naturalists who have 
treated on the subject. Now 1 think no one will dispute that 
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the ovigerous frena in llie one family are strictly lioinologous 
with the braiidiim of the other family; indeed, they graduate 
into eacli otlier. Therefore it need not be doubted that the 
two little folds of skin, which originally served as ovigerous 
frena, but which, lik(‘wise, vciy slightly aid in the act of res- 
piration, have been gradually converted by natural selection 
into brancliia?, simply through an increase in their size and the 
obliteration of their adhesive glands. If all jiedimciilated cir- 
ripedes had become extinct, and they h.avc already sufTcred far 
more extinction than have sessile cirripedes, who would ever 
have imagined that the branchim in this latter family had 
originally existed as organs for preventing the ova from being 
washed out of the sack ? 

I^pecial Difficulties of the Theory of N^atural Selection] 

Although we must be extremely cautious in concluding 
that any organ could not have been produced by successive 
transitional gradations, yet undoubtedly serious cases of dilli- 
culty occur, some of which will be discussed in my future work. 

One of the most serious is that of neuter insects, which are 
often differently constructed from cither the males or fertile 
females; but this case will be treated of in the next chapter. 
The electric organs of fishes offer another case of special difii- 
culty ; for it is impossible to conceive by what steps these 
wondrous organs have been produced. As Owen has remarked, 
there is much analogy between them and ordinary muscles, in 
their manner of action, in the influence on them of the nervous 
]iower and of stimulants such as strychnine, and as some be- 
lieve in their intimate structure. do not even know of 

what use these organs arc; though in tlie G}mniotus and Tor- 
pedo they no doubt serve as jiowerful means of defence and 
})crhaps ibr securing prey; yet in the Kay an analogous organ 
in the tail, even when greatly irritated, manifests, as lately 
observed by ^latteucei, but little electricity — so little that it 
can hardlj" be of use for such purposes. ]\Ioreovcr, in the Kay, 
besides the organ just referred to, there is, as Dr. K. McDonnell 
has shown, another organ near the head, not known to be elec- 
trical, but wliich appears to be the real hoinologuc of the elec- 
tric batteiy in the torpedo. Lastly, as avc know notliing about 
the lineal jwogenitors of these fishes, it must be admitted that 
we are too ignorant to be enabled to aflirin that no transitions 
arc possible, through which tlic electric organs miglit have 
been developed. 
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These same organs at first a])pear to offer aiiolner and far 
more serious dilliculty ; for they occur in about a dozen kinds 
of fisli, of wliicli several arc ^videly remote in their airinitics. 
Generally when tlic same organ is found iii several meinijcrs 
of the same class, (‘S])ccially if in members having very differ- 
ent habits of life, we may attribute its pre.senec to inheritanee 
from a common ancestor; and its absence in some of the inem- 
l)ers to loss through disuse or natural selection. So that, if 
the electric organs had been inherited from some one ancient 
progenitor, we might have expected that all electric fishes 
would have been s])ccially related to each other; but this is 
far from the case. Nor docs geology at all lead to the belief 
that most fishes formerly possessed electric organs, which their 
modified descendants have now lost. Ibit when we look at 
tlic subject more closcl}', we find in the several fishes ])rovidetl 
with electric organs that these are situated in different parts 
of the body — that they differ in construction, as in the arrange- 
ment of the plates, and according to Pacini, in the process or 
means by which the electricity is excited — and lastly, in the 
requisite nervous power being su])plicd through different nerves 
from widcly-different sources, and this is pcrha])s the most im- 
j)ortant of all the diflerences, lienee in the several rcmotcly- 
atlied fishes furnished witli electric organs, these cannot be 
considered as homologous, but only as analogous in function. 
Consequently there is no reason to suppose that they havii 
been inherited from a common progenitor; for, had this been 
the case, they would have closely resembled each other in all 
respects. Thus the greater difficulty disap|)cars, leaving only 
the lesser vet still great dilliculty ; namely, by what graduated 
steps these organs have arisen and been developed in each sepa- 
rate group of fishes. 

The luminous organs which occur only in a few insects, 
belonging to widcl^'-differcnt families and ortlers, and which 
are situated in different parts of the body, offer a difficulty 
almost exactly jiarallel with that of the electric organs. Other 
eases could be given; for instance, in jilants, the very curious 
contrivance of a mass of pollen-grains, borne on a foot-stalk 
with an adhesive gland, is apparently the same in Orchis and 
Ascl(q)ias — genera almost as remote as is ]iossiblc among 
flowering plants. In all such cases of two sj^ecies, far removed 
from each other in the scale of organization, being furnished 
Avith similar anomalous organs, it should be observed that, af 
though the general appearance and function of the organ may 
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1)C identically the same, yet some fundamental dilTercnce be- 
tween them can always, or almost always, be detceted. I am 
inclined to believe tliat, in the same manner as two inen have 
sometimes independently hit on the same invention, so natural 
selection, working for the good of each being and taking ad- 
vantage of analogous variations, has sometimes modified in 
nearly the same way two organs in two distinet organic beings, 
which owe but little of their structure in common to inheritance 
from a common progenitor, 

Fritz MiiUcr, in a remarkable work recently published, has 
investigated a nearly parallel case, in order to test the views 
advanced in this volume. Several families of crustaceans in- 
clude a few species which possess an air-breathiug apparatus, 
and arc fitted to live out of the water. In two of these fam- 
ilies, which were more especially examined by Mlillcr, and 
which arc nearly related to each other, the species agree most 
closely in all important characters ; namely, in their sense-or- 
gans, circulating system, in the position of the tufts of hair 
with which their complex stomachs are lined, and lastly in the 
vrholc structure of the water-breathing branch in?, even to the 
microscopical hooks by which they arc cleansed. Hence it 
might have been expected that the equally important air- 
IjU’cathing apparatus would have been the same in the few 
sj)ccics in both families which live on the land ; and this might 
have been the more confidently expected b}’ those wlio believe 
in distinct creations; for why should this one apparatus, given 
for the same special purpose to these species, have been made 
to differ, while all the other important organs arc closely simi- 
lar or rather identical ? 

Fritz I\IiUler argues that this close similarity in so many 
}3oints of structure must, in accordance with tlic views ad- 
vanced by me, be accounted for by inheritance from a common 
progenitor. But as the vast majority of the species in the 
above two families, as well as most crustaceans of all orders, 
are aquatic in their habits, it is improbable in the highest degree, 
that their common progenitor should have been adapted for 
breathing air. Mlillcr was thus led carefully to examine the 
apparatus in the air-breathing species; and in each he found 
it to differ in several important }3oints, as in the position of the 
orifices, in the manner in which they arc opened and closed, 
and in some accessory details. Now such differences are intelli- 
gible, and might even have been anticipated, on the supjiosition 
that species belonging to distinct families had slowly become 
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ailaj)le(] to live more and more out of Avaler, aral to ])reallie 
the air. For these species, from belonging to distinct families, 
Avonld difler to a certain extent, and in accordance with the 
principle that the nature of each variation depends on two fac- 
tors, viz., the nature of the organism and that of the condi- 
tions, the variability of these crustaceans assuredly would not 
have been exactly the same. Consequently natural selection 
would have had diiTcrent materials or variations to work on, in 
order to arrive at the same functional result; and the structures 
thus acquired would almost necessarily have dillered. On tlie 
hypothesis of seiiarate acts of creation the whole case remains 
unintelligible. The above line of argument, as advanced by 
Fritz Mliller, seems to have had great weight in leading this 
distinguishetl naturalist to accept the views maintained by me 
in this volume. 

• In the several cases just discussed, we have seen that in 
beings more or less remotely allied, the same end is gained 
and the same function performed by organs in appearance, 
though not in truth, closely similar. But the common rule 
throughout Nature is that the same end is gained, even some- 
times in the case of beings closely related to each other, by the 
most diversified means. IIow' difl'erently constructed is the 
feathered wing of a bird and the membrane-covered wing of a 
bat with all the digits largely developed; and still more so the 
four wings of a butterfly, the two wings of a lly, and the two 
wings of a beetle, together with the elytra ! Bivalve shells 
are made to open and shut, but on what a number of i^atterns 
is the hinge constructed, from the long row of neatly inter- 
locking teeth in a Nucula to the simple ligament of a ^Iiisscl ! 
Seeds are disseminated by their minuteness — by their capsule 
being converted into a light balloon-like cmclope — by being- 
embedded in ]Hilp or flesli, formed of the most diverse parts, 
and rendered nutritious, as well as consjncuously colored, so as 
to attract and be devoured by birds — by having hooks and 
grapnels of many kinds and serrated awns, so as to adhere to 
the fur of quadni])eds — and by being furnished with wings and 
])lumes, as different in shaj^e as eleg'ant in structure, so as to 
Ije wafted by every breeze. I will give one other instance ; 
for this subject of the same end being gained by the most di- 
versified means well deserves attention. Some authors main- 
tain that organic beings have been formed in many ways for 
the sake of mere variety, almost like toys in a shop, but such a 
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view of Nature is incredible. With plants having sejiaraletl 
sexes, and witli those in whieli, tlioiigli lierinapliroditcs, the 
jDollen does not spoutaneonsly fall on the stigma, some aid is 
necessary for their fertilization. "With several kinds this is 
elleeted by the pollen-grains, which are light and incoluTcnt, 
being blown by the wind through mere chance on to the stigma ; 
and this is the simplest plan which can well be conceived. 
An almost equally simple, though very diflcrent, ]dan occurs 
in many plants in which a sj’mmetrical flower secretes a few 
drops of nectar, and is consequently visited by insects; and 
these carry the pollen from the anthers to the stigma. 

From this simple stage we may ])ass through an inexhaust- 
ible number of contrivances, all for the same purpose and 
cflcctcd in essentially the same manner, but entailing changes 
in every part of the ilower. The nectar may be stored in vari- 
ously-sliaped receptacles, with the stamens and pistils modi- 
fied in many ways, sometimes forming tra]>likc contrivances, 
and sometimes capable of neatlj'-adaptcd movements through 
irritability or elasticity. From such structures we may ad- 
vance till we come to such a case of extraordinary adaptation 
as that lately described by Dr. Crligcr in the Coryanthes. This 
orchid has part of its labclliim or lower lip liollowcd out into 
a great bucket, into which drops of almost pure water contin- 
ually fall from two secreting horns which stand above it ; and 
v.’hen the bucket is half full, tlie water overflows by a spout 
on one side. The basal part of the labcllum stands over the 
bucket, and is itself hollowed out into a sort of chamber with 
two lateral entrances ; within this chamber there are curious 
fleshy ridges. The most ingenious man, if he had not wit- 
nessed what takes place, could never liavc imagined what pur- 
pose all these parts serve. But Dr. Crllger saw crowds of 
large humble-bees visiting* the gigantic llowcrs of this orchid, 
not in order to suck nectar, Imt to gnaw off the ridges within 
the chamber above tlic bucket; in doing this they frequently 
pushed each other into the bucket, and their wings being thus 
wetted they could not fly away, but had to crawl out through 
the passage formed by tlie s]')out or overflow. Dr. Crligcr saw 
a “continual procession” of bees thus crawling out of their in- 
voluntary bath. Tlie passage is narrower, and is roofed over 
))y the column, so that a bee, in forcing its way out, first rubs 
its back against the viscid stigma and then against the viscid 
glands of the pollen-masses. The ]iollen-masses are thus glued 
to the back of that Ikc which first happens to crawl out through 
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the jiassage of a l'itely-cx]^ande(l flower, and are thus carried 
awa}% Dr. (Jrll^^er scut me a flower in spirits of wine, witli a 
bee which he had killed Ixdbrc it had (juite crawled out with a 
pollen-mass still fastened to its back. When llic bee, tlms 
provided, Hies to another flower, or to the same flower a sec- 
ond time, and is ])uslied by its comrades into the bucket and 
then crawls out by the passap;e, the pollen-mass necessarily 
comes first into contact with the viscid stigma, and adheres to 
it, and the flower is fertilized. Now at last we see the full 
use of every j)art of the flower, of the water-secreting horns, 
of the bucket half full of water, which jDrevents the bees from 
flying away and forces them to erawl out through the sjDout, 
and rub against the jiropcrly-placed viscid pollen-masses and 
viscid stigma. 

The construction of the flower in another closely-allied or- 
chid, namely, the Catasetum, is widely different, tliough serving 
the same cud; and is equally curious. 13ees visit these flow- 
ers, like those of the Coryanthes, in order to gnaw the la hel- 
ium ; in doing this they inevitably touch a long, tapering, 
sensitive projection, or, as I have called it, tlie antenna. This 
antenna, when touched, transmits a sensation or vibration to a 
certain membrane which is instantly ruptured ; tliis sets free 
a spring by which the pollen-mass is sliot forth, like an arrow, 
in the right direction, and adheres by its viscid extremity to 
the back of the bee. The pollen-mass of a male plant is thus 
carried to the flower of a female jdant, where it is brought into 
contact with the sfigma, which is viscid enough to break cer- 
tain elastic threads, and, retaining the pollen, fertilization is 
e flee ted. 

How, it may be asked, in the foregoing and in innumerable 
f)thcr instances, can we understand the graduated scale of 
conqdcxily and the multifarious means for gaining the .same 
end y The answer no doubt is, as already remarked, that when 
two forms vary, wliich already differ from each other even in a 
slight degree, tin* variability will not be of the same exact na- 
ture, and consequently the results obtained tlirougli natural 
selection for the same general ])iirposc will not l)c the same. 
\Vi* should also bear in mind that every highly-develoj)cd or- 
ganism has jiasscd through a long course of modilieation ; and 
tliat each modified structure tends to be inherited, so that it 
will not readily be wholly lost, Imt may be modified again and 
again, lienee the structure of each part of each species, f(»r 
whatever purpose used, is the sum of the many iiiherift'd 
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changes, tlirongh which tliafc species lias passed during its suc- 
cessive adaptations to changed habits and conditions of life. 

Finally, then, although in many cases it is most diflicult 
even to conjecture by what transitions many organs have ar- 
rived at their present state; yet, considering liow small the 
j)roportion of living and known forms is to the extinct and un- 
known, 1 have been astonished liow rarely an organ can be 
named, toward which no transitional grade is known to le;id. 
It certainly is true that new organs, appearing as if specially 
created for some purpose, rarely or never appear suddenly in 
any class ; as indeed is shown by that old, but somewhat ex- 
aggerated, canon in natural history of “Natura non facit sal- 
tuin.” AVe meet with this admission in the writings of almost 
every experienced naturalist ; or, as Milne Edwards has well 
expressed it. Nature is prodigal in variety, but niggard in inno-' 
vation. Why, on the theory of Creation, should there be so 
much variety and so little novelty ? Why should all the parts 
and organs of many independent beings, each supposed to 
have been separately created for its proper place in Nature, 
be so commonly linked together by graduated ste]>s ? Why 
should not Nature take a sudden leap from strueture to struct- 
ure ? On the theory of natural selection, we can clearly un- 
derstand why she should not; for natural selection acts only 
by taking advantage of slight successive variations; she can 
never take a sudden leap, but must advanec by short and sure 
though slow steps. 

Orr/ans of little apparent Importance^ as affected Inj N^atural 
Selection, 

As natural selection acts by life and death — by the survival 
of the fittest, and by the destruction of the less well-fitted indi- 
viduals — I have sometimes felt great dilViculty in understand- 
ing the origin or formation of parts of little importanec; al- 
most as great, though of a very dlfierent kind, as in the case 
of the most perfeet and complex organs. 

In the first place, we are much too ignorant in regard to 
the whole economy of any one organic being, to say what 
slight modifications would be of importance or not. In a for- 
mer chapter I have given instances of very trilling characters, 
such as the down on fruit and the color of its llesli, the color 
of the skin and hair of quadrupeds, which, from being corre- 
latc‘d witli constitutional dilTerences or from determining the 
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attacks of insects, might assuredly he acted on natural se- 
lection. The tail of the giralle looks like an artiricially-con- 
structed fly-llapj^cr; and it seems at first incredible that this 
could have been adapted for its ])rescnt ]iurj)osc by successive 
slight luodincations, each better and better fitted, for so trifling 
an object as to drive away flics ; yet we should pause before 
being too ])ositivc even in this case, for wc know that the dis- 
tribution and existence of cattle and other animals in South 
Ainerica absolutely depend on their ] 30 wcr of resisting the at- 
tacks of insects: so that individuals which could by any means 
defend themselves from these small enemies, would be able to 
range into new j^astures and thus gain a great advantage. It 
is not that the larger (iuadru])cds arc actually destroyed (cxce])t 
in some rare eases) by flies, but they arc incessantly harassed 
and their strength reduced, so that the}’' are more subject to 
disease, or not so well enabled in a coming dearth to search 
for food, or to escape from beasts of prey. 

Organs now of trifling importance have probably in some 
eases been of high im])ortancc to an early progenitor, and, 
after having been slowly perfected at a former period, have 
been transmitted to existing species in nearly the same state, 
although now of very slight use ; but any actually injinious 
deviations in their structure will of course have been checked 
by natural selection. Seeing liow important an organ of loco- 
motion the tail is in most aquatic animals, its general prcsenco 
and use for many ]iurposes in so many land animals, which in 
their lungs or modified swim-bladders betray their aquatic ori- 
gin, may perha])s be thus accounted for. A well-developed 
tail having been formed in an aquatic animal, it might subsc- 
cjucntly come to be worked in for all sorts of purjioses, as a fly- 
flapper, an organ of prehension, or as an aid in turning, as with 
the dog, though the aid in this latter res])cct must be slight, 
for the hare, with hardly any tail, can double quickly enongli. 

In the second jdaee, avo may sometimes wrongly attribute 
importance to characters wliich have originatc'd from quite sec- 
ondary causes, independently of natural selection. should 

remember that climate’, food, etc., ])robably have had some, 
])<whaps a eonsideraldc, dirc(-t influence on the organization ; 
that characters rca])pcar from the law of reversion; that cor- 
relation is an important element of change; and liiially, that 
.sexual selection has often largely modified the external cliarac- 
Icrs of the higher animals, so as to give one male anadvaiitage 
in fighting with other males, or incharming the female; and 
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characters gained tlirongli sexual selection may be transmitted 
to both sexes. Moreover, a modification, caused in any of the 
above sj^ccificd ways, may at first have been of no direct ad- 
vantage to a species, but may subsequently have, been taken 
advantage of by its descendants under new conditions of life 
and newly-acquired habits. 

If, for instance, green woodpeckers alone had existed, and 
we did not know that there were many black and pied kinds, 
I dare say that we should have thouglit that the green color 
was a beautiful adaptation to hide this tree-frequenting bird 
from its enemies ; and consequently that it was a character of 
importance and had been acquired through natural selection ; 
as it is, the color is ]irobably in chief part due to sexual selec- 
tion. A trailing palm in the Malay Archipelago climbs the 
loftiest trees by the aid of cxquisitcly-constructcd hooks clus- 
tered around the ends of the branches, and this contrivance, 
no doubt, is of the highest service to the plant; but as we see 
nearly similar hooks on many trees wliich arc not climbers, 
and which there is reason to believe, from the distribution of 
the thorn-bearing species in Africa and South America, serves 
as a defence against browsing quadrupeds, so the hooks on the 
palm may first have been developed for this object, and subse- 
quently been taken advantage of by tlic plant as it underwent 
further modification and became a climber. The naked skin 
on the head of a vulture is generally considered as a direct 
adajitation for wallowing in putridity ; and so it may be, or it 
may possibly be due to tlie direct action of putrid matter; but 
we should be very cautious in drawing any such inference, 
when we sec that the skin on the head of the clean-feeding 
male Turkey is likewise naked. The sutures in the skulls of 
young mammals have been advanced as a beautiful adapta- 
tion for aiding parturition, and no doubt they facilitate, or may 
be indispensable for this act; but as sutures occur in the skulls 
of young birds and reptiles, which have only to escape from 
a broken egg, we may infer that this structure has arisen from 
the laws of growth, and has been taken advantage of in tlic 
parturition of the higher animals. 

We are ]^rofoundly ignorant of the cause of each slight va- 
riation or individual diflerence ; and we are immediately made 
conscious of this by reflecting on the dincrences in tlie breeds 
of our domesticated animals in different countries — more ospe- 
ially in tlie less civilized countries where there has boon but 
littie methodical selection. Animals kept Iw savages in difler- 
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ent countries often liave to struggle for (heir own subsistence, 
and arc exposed to a certain extent to natural selection, and 
individuals with sliglitly-diHercnt constitutions would succeed 
best under dilTcrcnt climates. A good observer states that in 
cattle susceptibility to the attacks of flics is correlated ndth 
color, as is the liability to be poisoned by certain j^lants; so 
tliat even color would be thus subjected to the action of nat- 
ural selection. Other observers arc convinced that a dainj) 
climate affects the growth of the hair, and that with the hair 
the horns arc correlated. ^Mountain-breeds always differ from 
lowland-breeds ; and a mountainous country would probably 
affect the hind-limbs from exercising them more, and possilily 
even the form of the pelvis ; and then, by the law of homolo- 
gous vanation, the front-limbs and the head would probably be 
affected. The shape, also, of the jiclvis might affect by press- 
ure the shape of certain parts of the young in the womb. 
The laborious breathing necessary in high regions would, we 
have reason to believe, increase the size of the chest ; and 
again correlation would come into ]^lay. The effects on the 
whole organization of lessened exercise, together with abun- 
dant food, is probably still more important; and this, as II. von 
Nathiisius has lately shoum in his excellent Treatise, is appar- 
ently one chief cause of the great modilication which the 
breeds of swine have \indergonc. But we arc far too ignorant 
to sj^cculatc on the relative importance of the several known 
and unknowm causes of variation ; and I have made these 
remarks only to show that, if we are unable to account for the 
characteristic differences of our domestic breeds, which never- 
theless are generally admitted to have arisen through oidinary 
generation from one or a few ]iarent-stocks, we ought not to 
lay too much stress on our ignorance of the precise cause of 
the slight analogous differences between species. I might 
have adduced fur this same ]nirposc the differences between 
the races of man, which arc so strongly marked; I may add 
that some light can apparently be thrown on these differences, 
through sexual selection of a ])articulnr kind, but without 
entering on full details my reasoning would appear fiivolous. 

UtUUarkui Doctrine howfac true: Dcaut}/ how acquired. 

The foregoing remarks lead me to say a few words on the 
]")rotest, lately made by some naturalists, against the utilitarian 
doctrine that every tletail of structure has been produced for 
0 
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tlie good of its possessor. Tliey believe that many structures 
have been created for beauty in tlie eyes of man, or, as already 
discussed, for the sake of mere variety'. Such df)ctrincs, if 
true, would be aljsolutely fatal to my theory. Yet I fully 
admit that many structures arc now of no direct use to their 
possessors, and may never have been of any use to their pro- 
genitors. No doubt, as recently remarked, the definite action 
of changed conditions, correlated vai iation, and reversion, have 
all produced their effects. But the most imjiortant consider- 
ation is that the chief part of the organization of every liv- 
ing creature is simply due to inheritance ; and consequently, 
though each assuredly is well fitted for its place in Nature, 
many structures now have no direct relation to existing habits 
of life. Thus, we can hardly believe tliat the webbed feet of 
the upland goose or of the frigate-bird arc of special use to 
these birds ; we cannot believe that the similar bones in the 
arm of the monke}', in the fore-leg of the horse, in the wing of 
the bat, and in the flipper of the seal, are of special use to 
these animals. AVe may safely attribute these structures to 
inheritance. But to the progenitor of the upland goose and 
of the frigate-bird, webbed feet no doubt were as useful as 
they now arc to the most aquatic of living birds. So we may 
believe that the jirogenitor of the seal did not possess a flijiper, 
but a foot with live toes fitted for walking or grasping; and 
we may furtlier venture to believe that the several bones in 
the limbs of the monkey, horse, and bat, which have been in- 
herited from some ancient progenitor, were formerly of more 
special use than they now are to these animals with their 
widely-diversified habits, and might consequently have been 
modified through natural selection. Mgiking due allowance 
for tlie definite action of changed conditions, correlation, rever- 
sion, etc., we may conclude that ever^' detail of stmeture in 
every living creature is either now or was formerly of use — 
directly or indirectly tlirough the complex laws of growth. 

AA’^ith res])cct to the belief that organic beings have been 
created beautiful for the delight of man — a view which it has 
been ])ronounced may safely be accepted as true, and as sub- 
versive of my whole theory — I may first remark that the idea 
of the beauty of any object obviously de])cnds on the mind of 
man, irrespective of any real quality in the admired object ; and 
that the idea is not an innate and unalterable element in tlu' 
mind. AVe sec this in men of dilVerent races admiring an ou- 
tirely difTerent standard of beauty in their women; neiihur the 
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Negro nor the Chinese admires the Caucasian l)eaii-ideal. Tlie 
idea also of picturesque beauty in scenery has arisen only within 
modern times. On the view of beautiful objects having been 
created for man’s gratification, it ought to be sliown that there 
was less beauty on tlie face of the earth before man appeared 
than since he came on the stage. Were the beautiful volute 
and cone sliells of the Eocene epoch, and the grace full^'-sculp- 
tured ammonites of the Secondary period, created that man 
might ages afterward admire them in his cabinet ? Few ob- 
jects arc more beautiful than the minute siliceous cases of the 
diatomaccm : were these created that tliey might be examined 
and admired under the liigher powers of the microscope? The 
lieauty in this latter case, and in many others, is apparently 
wholly due to symmetry of growth. Flowers rank among tlie 
most beautiful jiroductions of Nature; and they have become 
through natural selection beautiful, or rather cons])icuous in 
‘contrast Avith the green leaves, that tliey miglit easily be ob- 
served and visited by insects, so that their fertilization might 
be favored. I have come to tliis conclusion from finding it an 
invariable rule that when a flower is fertilized by the wind it 
never has a gayly-colorcd corolla. Again, several plants habitu- 
ally produce two kinds of llowers : one kind open and colored 
so as to attract insects; the other closed and nob colored, desti- 
tute of nectar, and never visited by insects. Hence we may 
conclude that, if insects had never existed on the face of the 
earth, the vegetation Avould not have been decked with beauti- 
ful flowers, but Avould liave produced only such poor llowers as 
we now .sec on our firs, oaks, nut and ash trees, on grasses, 
spinach, docks, and nettles. A similar line of argument holds 
good with the many kinds of beautiful fruits ; that a ripe straw- 
berry or cherry is as pleasing to the eye as to the palate, that the 
gayly-colorcd fruit of the spindle-Avood-tree and the scarlet 
l)erries of tlie holly are beautiful objects, will be admitted by 
every one. But this beauty serves merely as a guide to birds 
and beasts, that the fruit may be devoured and the manured 
seeds thus disseminated : I infer that this is the case from having 
as yet found in every instance that seeds, Avhich arc embedded 
within a fruit of any king, tliat is within a fleshy or pulpy envel- 
ope, if it be colored of any brilliant tint, or merely rendered 
cons[)icuous by l)eing white or black, are always disseminated 
by being first devoured. 

On the oth(M* hand, I willingly admit that a great numlu'r 
of male animals, as all our m.ost g-orgcous birds, some fishes 
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some mammals, and a host of ma^nifieently-colorcd l)iitterflies 
and some other insects, have l)ocn rendered beaiitifnl for 
beauty’s sake ; but tliis lias l)cen efiected not for the delight 
of man, but through sexual selection, that is, from tlie more 
beautiful males having been continually preferred by their less 
ornamented females. So it is 'with the music of birds. ^Vc 
may infer from all this that a similar taste for beautiful colors 
and for musical sounds runs througli a large part of the animal 
kingdom. When the female is as beautifully colored as the 
male, which is not rarely the case with birds and butterflies, 
the cause simply lies in the colors acquired through sexual se- 
lection having been transmitted to both sexes, instead of to 
the males alone. In some instances, however, the acquirement 
of conspicuous colors by the female may have been checked 
through natural selection, on account of the danger to which 
she would thus have been exposed during incubation. 

Natural selection cannot possibl}" produce any modification 
in any one species exclusively for the good of another species; 
though throughout Nature one species incessantly takes advan- 
tage of, and profits by, the structure of others. But natural 
selection can and does often produce structures for the direct 
injury of otlier animals, as we see in the fang of the adder, and 
in the ovipositor of the ichneumon, by which its eggs are depos- 
ited in tlie living bodies of other insects. If it could be proved 
that any part of the structure of any one species had been 
formed for the exclusive good of another species, it would 
annihilate my theory, for such could not have been produced 
through natural selection. Although many statements may 
be found in works on natural history to this efl’ect, I cannot 
find even one which seems to me of any weight. It is admitted 
that the rattlesnake has a poison-fang for its own defence and 
for the destruction of its prey ; but some authors suppose that 
at the same time this snake is furnished with a rattle for its 
own injury, namely, to warn its prey to escape. I would 
almost as soon believ'C that the eat curls the end of its tail 
when preparing to spring, in order to warn the doomed mouse. 
But I have not space here to enter on this and other such cases. 

Natural selection will never ])roduce in a being any thing 
injurious to itself, for natural selection acts solely by and for 
the good of each. No organ 'uull be formed, as Palcy has 
remarked, for the jmrpose of causing pain or fordoing an injury 
to its possessor. If a fair balance be struck lietweon the good 
and evil caused by each part, each will be found on the whole 
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advaiitti^cous. After the lapse of time, under clian^in^ con- 
ditions of life, if any part eoines to he injurious, it will be inodi- 
lied; or, if it be not so, the being will become extinct, as 
myriads have become extinct. 

Natural selection tends only to make each organicbeing as 
perfect as, or slightly more 2)crfoet than, the other inhabitants 
of the same country with which it has to struggle for existence. 
And we sec that this is the degree of perfection attained under 
nature. The endemic productions of New Zealand, for instance, 
are perfect one compared with another; but they arc now 
rai)i(lly yielding before the advancing legions of plants and 
animals introduced from Europe. Natural selection will not 
produce absolute ]ierfection, nor do we always meet, as far as 
wc can judge, with this high standard under nature. The cor- 
rection for the aberration of light is said by ^Inllcr not to be 
perfect even in that most perfect organ, the human c^’c. If our 
•reason leads us to admire with enthusiasm a multitude of in- 
imitable contrivances in nature, this same reason tells us, though 
wc may easily err on botli sides, that some other contrivances 
arc less perfect. Can wc consider the sting of the bee as per- 
fect, which, when used against many attacking animals, cannot 
be ^vithdrawn, owing* to the backward scrraturcs, and so incvi 
tably causes the death of the insect by tearing out its viscera? 

if we look at the sting of the bee, as having originally ex- 
isted in a remote progenitor as a boring and serrated instru- 
ment, like that in so many members of the same great order, 
and which has been modified but not perfected for its ]u*escnt 
purpose, with the poison originally adapted for some other 
puri)Ose, such as to j^roducc galls, subscrpicntly intensified, we 
can ])crhaps understand how it is that tlic use of the sting 
should so often cause the insect’s own death : for if on the whole 
the power of stinging be useful to the social connnunit}", it will 
fulfil all the requirements of natural selection, though it may 
cause the death of some few members. If wc admire the truly 
wonderful power of scent by which the males of many insects 
find their females, can wc admire the production for this single 
purpose of thousands of drones, which are utterly usYdess to the 
community for any other jmrjiosc, and which arc ultimately 
slaughtered by their industrious and sterile sisters ? It may be 
dilhcult, but we ought to admire the savage instinctive hatred 
of the queen-bee, wliich urges her to destroy the young queens 
her daughters as soon as born, or tojwish herself in the combat ; 
for undoubtedly this is for the good of the communit}'; and 
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maternal love or maternal hatred, though the latter fortunately 
is most rare, is all the same to the inexorable principle of natu- 
ral selection. If we admire the several ingenious contrivances, 
by which orchids and many other plants arc fertilized through 
insect agency, can we consider as equally perfect the elabora- 
tion of dense clouds of pollen by our lir-trees, so that a few 
granules may be wafted by a chance breeze on to the o^nlles ? 

Summary : the Law of Unity of Type and of the Conditions 

of LJ.ristoice embraced by the Theory of Katural Se- 

lectioiu 

We have in this chapter discussed some of the difficulties 
and objections which may be urged against the theory. Many 
of them are serious ; but I think that in the discussion light has 
been thrown on several facts, which on the belief of indepen- 
dent acts of creation are utterely obscure, ^ye have seen that 
species at any one period are not indefinitely variable, and are 
not linked together by a multitude of intermediate gradations, 
}iartly because the process of natural selection will always be 
very slow, and will act, at any one time, only on a few forms ; 
and partly because the very process of natural selection implies 
the continual supplanting and extinction of preceding and in- 
termediate gradations. Closely-allied species, now living on a 
continuous area, must often have been formed when the area 
was not continuous, and when the conditions of life did not in- 
sensibly graduate away from one part to another. When two 
varieties are formed in two districts of a continuous area, an 
intermediate variety will often be formed, fitted for an interme- 
diate zone ; but, from reasons assigned, the intermediate variety 
will usually exist in lesser numbers than the two forms which it 
connects ; consequently the two latter, during the course of 
further nmdification, from existing in greater numbers, will have 
a great advantage over the less numerous intermediate variety, 
ami will thus generally succeed in supplanting and exterminat- 
ing it. ^ 

We have seen in this chapter how cautious we should bo 
in concluding that the most dilfcrent habits of life could not 
graduate into each other ; that a bat, for instance, could not 
have been formed bv natural selection from an animal which 
at first could only glide through the air. 

We have seen that a species may under new condilions of 
life change its habits, or have diversified habits, with some very 
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unlike tliose of its nearest congeners. Hence, we can iiiulcr- 
stand, bearing in mind that each organic being is trying to live 
wliercvcr it can live, how it has arisen that there are niiland 
geese witli webbed feet, ground ^voodl^eckers, diving thrushes, 
and ]>ctrels with the liabits of auks. 

Although the belief tliat an organ so perfect as the ejx 
could have been formed by natural selection, is more than 
enough to stagger any one; yet in the case of any organ, if we 
Icnow of a long series of gradations in complexity, each good 
for its possessor, tlien, under changing conditions of life, tlicrc 
is no logical impossibility in the acquirement of any conceivable 
degree of perfection througli natural selection. In the cases 
in whicli we knowof no intermediate or transitional states, we 
sliould be very cautious in concluding that none have existed, 
for tlie homologies of many organs and their intermediate states 
show what wonderful metamorphoses in function are at least 
possible. For instance, a swim-bladder has apparently been 
converted into an air-breathing lung. The same organ having 
performed simultaneously very diflcrent functions, and then 
having been in part or in whole specialized for one function ; 
and two distinct organs having performed at the same time the 
same function, the one having been perfected while aided by 
the other, must often have largely-facilitated transitions. 

We have seen in two beings,* widely remote from each other 
in the natural scale, that an organ serving in both for the same 
purpose, and appealing closely similar, ma}" have been sepa- 
rately and independently formed ; but when such organs are 
closely examined, essential diflcrences in their structure can 
almost always be detected; and this naturally follows from the 
principle of natural selection. On the other hand, the common 
rule throughout Nature is infinite diversity of structure for 
gaining the same end; and this again naturally, follows on the 
same great principle. 

In almost every case we are far too ignomnt to be enabled 
to assert that any part or organ is so unimportant for the wel- 
fare of a species, that modifications in its structure could not 
have been slowly accumulated by means of natural selection. 
But wo may confidently believe that many modifications, 
wholly duo to the laws of growth, and at first in no way advanta- 
geous to a species, have been subsequently taken advantage of 
by the still further modified descendants of this species. 
may also believe that a part formerly of high iiu]iortance has 
often been retained (as the tail of an aquatic animal by its ter- 
restrial descendants), though it has become of such small im- 
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portaiicc tliat it could not, in its present state, have !)cen ae> 
(juired by natural selection — a ]io\v’er which acts solely througli 
t!ie survival of the best-fitted individuals in the struggle for lift*. 

Xatunil selection will produce nothing in one species foi 
the exclusive good or injury of another; though it may well 
produce parts, organs, and excretions, highly useful or even in- 
dispensable, or highly injurious to another species, but in all 
cases at the same time useful to the owner. Natural selection 
in each well-stocked country must act chiefiy through the com- 
petition of the inhabitants one with another, and consequently 
will produce perfection, or strength in the battle for life, only 
according to the standaal of that countr)". Hence the inhab- 
itants of one countiy% generally the smaller one, will often yield 
to the inhabitants of another and generally larger country. For 
in the larger country there will have existed more individuals, 
and more diversified forms, and the competition will have been 
severer, and thus the standard of perfection will have been 
rendered higher. Natural selection will not necessarily pro- 
duce absolute perfection ; nor, as far as we can judge hy our 
limited faculties, can absolute perfection be everywhere found. 

On the tliooiy of natural selection we can clcarl}' under- 
stand the full meaning of that old canon in natural history, 
“ Natura non faeit saltum.” This canon, if we look only to 
the present inhabitants of the world, is not strictly correct ; 
but if wc include all those of past times, whether known or 
not yet known, it must by my theory be strictly true. 

It is generally acknowledged that all organic beings Ih'n c 
l)ccn formed on two groat laws — Unity of Typo, and the Con- 
ditions of Existence. By unity of type is meant that funda- 
mental agTCcmcnt in structure which we sec in organic beings 
of the same class, and which is quite independent of their 
habits of life. .On my theory, unity of type is explained by 
unity of descent. The expression of conditions of existence, so 
often insisted on by the illustrious Cuvier, is fully embraced by 
the principle of natural selection. For natural selection acts 
by cither now adapting the varying parts of each being to its 
(organic and inorganic conditions of life ; or by having adapted 
tlu*m during long-past periods of time : the adaptations being 
aided in some cases by use and disuse, being alfected by the 
direct action of the external conditions of life, and being in all 
eases subjeeted to the several laws of growth. Hence, in fact, 
the law of the Conditions of Existence is the higher law ; as it 
includes, throiigli the inheritance of former adn]itations, that 
of Unity of Type. 
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CIIAPTKU VII. 

INSTINCT. 

Instincts comparable with Habits, bnt ditTcront in tbeir Orij^ln— Inetmcls graduated 
— Apliidcs and Ants— lust incls variable— Domestic Instincts, their Origin— Nat- 
ural Instincts of the Cuckoo, Ostrich, and Parasitic Decs— Slave-making Ants— 
llivc-beo, its cell-making instinct— Changes of Instinct and Structure not neces- 
sarily sinniltaiieons— Difllculiies of the Theory of the Natural Selection of lu- 
fctincts— Neuter or Sterile Insects— Summary. 

Instincts might have been worked into tlic previous chap- 
ters; but I thought that it would be more convenient to treat 
the subject separate!}", especially as an instinct so wonderful as 
that of the construction of the comb by the hivc-l)ce will prob- 
ably have occurred to many readers, as a dilliculty sulTicicnt to 
overthrow the whole theory. I must premise that I have 
nothing to do Avith the origin of the primary mental powers, 
any more than I have with that of life itself. We are con- 
cerned only with the diversities of instinct and of the other 
mental qualities of animals within the same class. 

1 will not attcmjH any definition of instinct. It Avonld ])c 
easy to show that several distinct mental actions are commonly 
embraced by this term ; but every one understands what is 
meant, when it is said that instinct impels the cuckoo to mi- 
grate and to lay her eggs in other birds’ nests. An action, 
which we ourselves should require ex])erlence to enable us to 
perform, when performed by an animal, more especially by a 
very young one, without any experience, and when performed 
1)V many individuals in the same way, Avithout their knowing 
for AA'hat pnq’iosc it is i)crformed, is usually said to be instinc- 
tive. But I could show that none of these characters of in- 
stinct arc imiA'crsal. A little dose, as Pierre Ilnbcr expresses 
it, of judgment or reason, oft(Mi comes into play, e\'en in ani- 
mals low in the scale of nature. 

Frederick Cuvier and scA’cral of the older motiqdiysicians 
lia\’c compared instinct Avith habit. This comparison gi\"cs, I 
think, an accurate notion of the frame of mind under Avhieh 
an instinctiA'c action is performed, bnt not necessarily of its 
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origin. How unconsciously ninny Iialiilnal actions arc per- 
formed, indeed not rarely in direct opposition to our conscious 
will ! yet they may be modified by the will or reason. Habits 
easily become associated with other habits, and with certain 
periods of time and states of the body. AVhen once acquired, 
they often remain constant throughout life. Several other points 
of resemblance between instincts and habits could be pointed 
out. As in repeating a wclhknown song, so in instincts, one 
action follows another by a sort of rhythm ; if a person be in- 
teiTupted in a song, or in repeating any thing by rote, he is 
generally forced to go back to recover the habitual train of 
thought : so P. Huber found it was with a caterpillar, which 
makes a very complicated hammock ; for if he took a cater- 
pillar which had completed its hammock up to, say the sixth 
stage of construction, and put it into a hammock completed iiji 
only to the third stage, tlie caterpillar simply rcperformetl 
the fourth, fifth, and sixth stages of construction. If, however, 
a caterpillai' were taken out of a hammock made up, for in- 
stance, to the third stage, and were put into one finished up to 
the sixth stage, so that much of its work was already done for 
it, far from feeling the benefit of this, it Avas much embarrassed, 
and, in order to complete its hammock, seemed forced to start 
from the third stage, Avherc it had left off, and thus tried to 
complete the already-finished work. 

If Ave suppose any habitual action to become inherited — and 
I think it can be shoAAm that this docs sometimes happen — 
then the resemblance between AAdiat originally Avas a haliit and 
an instinct becomes so close as not to be distinguished. If 
Mozart, instead of playing the piano-forte at three years old 
AA'itli AA’ondcrfully little practice, had played a tune Avith no 
])ractice at all, he might truly be said to liaA’e done so instinc- 
liA'cly. Hut it AA’ould be a serious error to suppose that the 
greater number of instincts have been acquired by habit in one 
generation, and then transmitted by inheritance to succeeding 
generatioms. It can be clearly shoAvn that the most AA’onder- 
fill instincts Avith Avhieh Ave arc acquainted, namely, those of 
the luA'c-bee and of many ants, could not possibly liaA’e been 
acquired by habit. 

It Avill be uniA'ersally admitted that instincts are as impor- 
tant as corporeal structure for the welfare of each species, un- 
der its present conditions of life. Ihider changed conditions 
of life, it is at least possible that slight modifications of in- 
stinct might be profitable to a species ; and if it can be shoAvii 
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tlint instincts do vary ever so little, then I can see no dilliculty 
in natural selection ])reserving and continually accumulating 
variations of instinct to any extent tliat was profitable. It is 
thus, as I believe, that all the most complex and wonderful in- 
stincts have originated. As modifications of corporeal struct- 
ure arise from, and arc increased by, use or habit, and arc 
diminished or lost by disuse, so I do not doubt it has been 
with instincts. J3ut I believe that the effects of habit arc of 
quite subordinate imjiortancc to the effects of the natural selec- 
tion of what may be called spontaneous variations of instincts; 
that is, of variations produced by the same unknown causes 
which produce slight deviations of bodily structure. 

No complex instinct can possibly be produced through nat- 
ural selection, except by the slow and gradual accumulation 
of numerous, slight, yet profitable, variations. Hence, as in 
the case of corporeal structures, we ought to find in nature, not 
the actual transitional gradations by which each complex in- 
stinct has been acquired — for these could be found only in the 
lineal ancestors of each species — but we ought to find in the 
collateral lines of descent some evidence of such gradations ; 
or we ought at least to be able to show that gradations of 
some kind arc possible ; and this we certainly can do. I have 
been surprised to find, making allowance for the instincts of 
animals having been but little observed except in Europe and 
North America, and for no instinct being kno'wn among extinct 
species, how very gcnerall}^ gradations, leading to tlic most 
comjilex instincts, can be discovered. Changes of instinct may 
sometimes be facilitated by the same species having different 
instincts at different periods of life, or at different seasons of tlie 
year, or when placed under different circumstances, etc. ; in 
which case cither the one or the other instinct might be pre- 
served by natural selection. And such instances of diversity 
of instinct in the same species can be shown to occur in nature. 

Again, as in the case of corj:>oreal structure, and conform- 
ably to my thcorj’, the instinct of each species is good for it- 
si‘lf, but has never, as far as we can judge, been produced for 
the exclusive good of others. One of the strongest instances 
of an animal apparcntlv perfonning an action for the sole good 
of another, witli which I am acquainted, is that of ajdiides vol- 
untarily yielding, as was first observed by Huber, tlieir sweet 
excretion to ants ; that they do so voluntarily, the following 
facts show : I removed all the ants from a grouji of about a 
dozen aphides on a dock-plant, and prevented their attendance 
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during several hours. After this interval, I felt sure that the 
aphides would want to excrete. I watched them for some 
time through a lens, but not one excreted ; I then tickled and 
stroked them with a hair in the same manner, as well as I 
could, as the ants do with their antenna); but not one excreted. 
Afterward I allowed an ant to visit them, and it immediately 
seemed, by its eager way of running about, to be well aware 
what a rich Hock it had discovered; it then began to plaj^witli 
its antenna) on the abdomen first of one aphis and then of an- 
other; and each, as soon as it felt the antenna?, immediately 
lifted up its abdomen and excreted a limpid drop of sweet 
juice, which was eagerly devoured by the ant> Even the 
quite young aphides behaved in this manner, showing that the 
action was instinctive, and not the result of experience. It is 
certain, from the observations of Huber, that the aphides show 
no dislike to the ants : if the latter be not present they are at 
last compelled to eject their excretion. But as the excretion 
is extremely viscid, it is no doubt a convenience to tlie aphides 
to have it removed ; therefore, probably they do not excrete 
solely for the good of the ants. Although there is no evidence 
tliat any animal performs an action for the exclusive good of 
another species, yet each tries to take advantage of the in- 
stincts of others, as each takes advantage of the weaker bodih" 
structure of other species. So, again, certain instincts cannot 
be considered as absolutely perfect ; but as details on this and 
other such points arc not indispensable, they may be here 
passed over. 

As some degree of variation in instincts under a state of 
nature, and the inheritance of such variations, are indispensable 
for the action of natural selection, as many instances as pos- 
sible ought to be here given ; but want of space prevents me. 
I can only assert that instincts certainly do vary — for instance, 
the migratory instinct — both in extent and direction, and in its 
total loss. So it is with the nests of birds, which vary ])artly 
in dependence on the situations chosen, and on the nature and 
temperature of the country inhabited, but often from causes 
Avholly unknown to us : Audubon has given several remarkable 
cases of difTerences in the nests of the same species in the 
Northern and Southern United States. AVhy, it has been asked, 
if instinct be variable, has it not granted to the bee “ the ability 
to use some other material Avhen Avax Avas deficient ? ” But 
Avhat other material could bees use? They Avill Avork Avith 
and use, as I haA*e seen, Avax hardened willi A'crmilion and 
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softened’ with lard. Andrew Knight observed that his bees, 
instead of laboriously collecting ])ropolis, used a cement of * 
wax and turpentine, with which he had covered decorticated 
trees. It has lately been shown that bees, instead of search- 
ing flowers for their pollen, will gladly use a very diflerent 
substance, nanieh^, oatmeal. Fear of any particular enemy is 
certainly an instinctive qualit}’, as may be seen in nestling 
birds, though it is strengthened by experience, and by the 
sight of fear of the same encni}^ in other animals. The fear of 
man is slowly acquired, as 1 have elsewhere shown, by the 
various animals which inliabit desert islands; and we sec an 
instance of this (‘ven in England, in the greater wildness of 
all our large birds in comparison with our small birds ; for 
the large birds have been most persecuted by man. AVe may 
safely attribute the greater wildness of our large birds to this 
cause; for in uninhabited islands large birds are not more fear- 
Tul than small; and the magjfle, so wary in England, is tame 
in Norway, as is the hooded crow in Egypt. 

That the mental qualities of animals of the same kind, 
b'orn in a state of nature, vary much, could be shown by 
many facts. Several cases could also be given of occasional 
and strange habits in Avild animals, which, if advantageous to 
the species, might give rise, through natural selection, to 
new instincts. Ihit 1 am well aware that these general state- 
ment.'^, without the facts in detail, Avill produce but a feeble 
oflect on the reader’s mind. I can on Ij^ repeat my assurance, 
that I do not speak without good evidence. 

Fiiheritcd Chanf;cs of llahlt or Instinct in Domesticated Animals, 

The jiossibility, or cacu probability, of inherited variations 
of instinct in a state of nature will be strengthened by briefly 
considering a few cases under domestication. AVe shall thus 
be enabled to sec the part Avhieh habit and the selection of 
so-called accidental or spontaneous variations have played in 
modifying the mental ({ualities of our domestic animals. It is 
notorious how much domestic animals vary in their mental 
qualities. With cats, for instance, one naturallj" takes to catch- 
ing rats, and another mice, and these tendencies are known 
to be inherited. One cat, according to Mr. St. John, always 
brought home game-bird.s, another hares or rabbits, and another 
hunted on marshy ground and almost nightly caught Avood- 
cocks or snij)cs. A number of curious and authentic instances 
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could be "iven of various shades of disposition and of taste, 
• and likewise' of the oddest tricks, associated with certain frames 
of mind or periods of time, being- inherited. But let us 
look to the familiar case of tlie breeds of the dog : it cannot 
l)c doubted that young pointers (I have myself seen a striking 
instance) will sometimes point and even back other dogs 
the very first time that they are taken out ; retrie^'ing is 
certainly in some degree inherited by retrievers; and a ten- 
dency to run round, instead of at, a flock of sheep, by shep- 
herd-dogs. I cannot see that these actions, performed with- 
out cx])crience by the young, and in nearly the same manner 
by each indi\'idual, performed with eager delight b}^ each 
breed, and without the end being known — for the young 
pointer can no more know that he points to aid his master, 
than the white butterfl}^ knows why she la^’s her eggs on 
the leaf of the cabbage — I cannot see that these actions 
differ essentially from true instincts. If we were to behold 
one kind of wolf, when young and without any training, as 
soon as it scented its prc}", stand motionless like a statue, 
and then slowly crawl forward with a peculiar gait ; and 
another kind of wolf rushing round, instead of at, a herd 
of deer, and driving them to a distant point, we should a.ssur- 
cdly call these actions instinctive. Domestic instincts, as they 
ina}’- be called, are certainly far less fixed than natural in- 
stincts ; but they have been acted on by far less rigorous selec- 
tion, and have been transmitted for an incomparably shorter 
period, under less fixed conditions of life. 

IIow strongly these domestic instincts, habits, and dis- 
positions, arc inherited, and how curiously they become 
mingled, is well sho\vn when different breeds of dogs arc 
crossed. Thus it is known that a cross with a bull-dog has 
affected for many generations the courage and obstinacy of 
greyhounds ; and a cross with a greyhound has given to a 
whole family of shepherd-dogs a tendency to hunt hares. 
These domestic instincts, when thus tested by crossing, resem- 
ble natural instincts, which in a like manner become curiously 
blended together, and for a long period exhibit traces of the 
instincts of either parent : for example, Lc Boy describes a dog, 
whose great-grandfather was a wolf, and this dog showed a 
trace of its Avild parentage only in one way, by not com- 
ing in a straight line to his master, Avhen called. 

Domestic insimets arc sometimes spoken of as actions 
Avhich have bcooinc inherited solely from long - continued 
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and conijnilsory habit, but this is not true. No one would 
ever luive tliought of teaching, or probably could have 
tauglit, the tuinblcr-])igcoii to tumble — an action which, 
as I have witnessed, is performed by young birds, that 
have never seen a pigeon tumble. We may believe that 
some one ])igeon showed a light tendency to this strange 
habit, and tlie long-continued selection of the best individ- 
uals ill successive generations made tumblers what they now 
are; and near Glasgow there are house-tumblers, as I hear 
from Mr. Brent, which cannot fly eighteen inches higli without 
going head over heels. It may be doubted whether any 
one would have thought of training a dog to point, had not 
some one dog naturally shown a tendeney in tliis line ; and 
this is known occasionally to liajipen, as I once saw, in 
a pure terrier : the act of ])ointing is probably", as many 
have thought, only the exaggerated pause of an animal 
preparing to spring on its prey. When the first tendency 
to point was once displayed, methodical selection and the 
inherited effects of compulsory training in each successive 
generation would soon complete the work ; and unconscious 
selection is still in progress, as each man tries to procure, 
without intending to improve the breed, dogs which will 
stand and hunt best. On the other hand, habit alone in some 
oases has sufficed ; hardly any animal is more difficult, in most 
cases, to tame than the young of the wild rabbit ; scarcely any 
animal is tamer than the young of the tame rabbit; but I 
can hardly supposc^that domestic rabbits have often been 
selected for tameness alone; so that we must attribute at 
least the greater part of the inherited change from extreme 
wildness to extreme tameness, to habit and long-continued 
close confinement. 

Natural instincts are lost under domestication : a remark- 
able instance of this is seen in those breeds of fowls which 
very rarely or never become “ brood}^” that is, nev<'r wish 
to sit on their eggs. Familiarity alone prevents our seeing 
how largely and how permancnfly the minds of onr domestic 
animals have been modified. It is scarcely possible to doubt 
that the love of man has become instinctive in the dog. 
All wolves, foxes, jackals, and species of the cat genus, when 
kept tame, are most eager to attack jwultrv, slieeji, and ings ; 
and this tendency has been found incurable in dogs which 
have been brought home as pujipit's from countries, such 
as Tiefra del Fuego and Australia, where the savages do 
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not keep these cloinestic animals. How rarely, on the other 
haiul, do oiir eivilized dogs, even when quite young, require to 
be taught not to attack poultry, sheep, and pigs! No doubt 
they oeensionally do make an attack, and are then beaten ; and 
if not cured, they arc destroyed ; so that habit, with some de- 
gree of selection, has probably concurred in civilizing by in- 
heritance our dogs. On the other hand, young chickens 
have lost, wholly by habit, that fear of the dog and cat 
which no doubt was originally instinctive in them; for I 
am informed by Captain Hutton that the young chickens of 
the parent-stock, the Gallus bankiva, when reared in India 
under a hen, are at first excessively wild. So it is with 
young pheasants reared in England under a hen. It is not 
that chickens have lost all fear, but fear only of dogs and 
cats, for if the hen gives the danger-chuckle, they will run 
(more especially young turkeys) from under her, and conceal 
themselves in the surrounding grass or thickets ; and this 
is evidently done for the instinctive purpose of allowing, as 
we see in wild ground-birds, their mother to fly away. But 
this instinct retained by our chickens has become useless 
under domestication, for the mother-hen has almost lost by 
disuse the power of flight. 

Hence, we may conclude that, under domestication, in- 
stincts have been acquired, and natural instincts have been 
lost, parti}" by habit, and partly by man selecting and accumu- 
lating, during successive generations, peculiar mental habits 
and actions, which at first appeared from what we must in our 
ignorance call an accident. In some cases compulsory habit 
alone has siifliced to produce inherited mental changes; in 
other cases compulsory habit has done nothing, and all has 
been the result of selection, pursued both methodically and 
unconsciously: but in most cases habit and selection have 
probabl}^ acted together. 

Special Instincts, 

We shall, perhaps, best understand how instincts in a slate 
of nature have become modified by selection, by considering a 
few cases. I will select only three, out of those which I shall 
have to discuss in my future work — namely, the instinct which 
leads the cuckoo to lay her eggs in other birds’ nests : the 
slave-making instinct of certain ants; and the cell-making 
power of the hive-bee : these two latter instincts have genera 
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ally and justly been ranked by naturalists as the most wonder- 
ful of all known instincts. 

Tnstincts of iliG Cuckoo , — It is supposed Ijy some natu- 
ralists that the more immediate cause of the instinct of tlie 
cuckoo is that she lays her ep^'^s, not daily, but at intervals of 
two or three da}'s ; so that, if she were to make her own nest 
and sit on her own e^g'S, those first laid would have to be left 
for some time unincubated, or there would be eggs and young 
birds of different ages in the same nest. If this were the case, 
the process of laying and hatching might be inconveniently 
long, more especially as she migrates at a very early period ; 
ami the first hatched young would probabl}' have to be fed by 
the male alone. But the American cuckoo is in this predica- 
ment ; for she makes her own nest, and has cg’gs and young 
successively hatched, all at the same time. It has been both 
asserted and denied that the American cuckoo occasionally 
lays her eggs in other birds’ nests ; but I have lately heard 
from Dr. Mcrrcll, of Iowa, that he once found in Illinois a 
young cuckoo together with a young jay in the nest of a Blue 
jay (Garrulus cristatus) ; and as both were nearly fully feath- 
ered, there could be no mistake in their identification. I could 
also give several instances of various birds which have been 
known occasionally to lay their eggs in other birds’ nests. 
Now let us suppose that the ancient progenitor of our Euro- 
])can cuckoo had the habits of the American cuckoo, and that 
she occasionally laid an egg in another bird’s nest. If the old 
bird ]Drohtcd by this occasional habit through being enabled to 
migrate earlier or through an}" other cause ; or if the young 
were made more vigorous by advantage being taken of the 
mistaken instinct of another species, than wlien reared by their 
own mother, encumbered as she could hardly fail to be by 
having eggs and young of different ages at the same time ; 
then the old birds or the fostered young would gain an advan- 
tage. And analogy would lead us to believe that the young 
tlms reared would be apt to follow by inheritance the occasion- 
al and aberrant habit of their mother, and in their turn would 
be apt to hi}" their eggs in other birds’ nests, and thus be more 
successful in rearing tlieir }'oung. By a continued process of 
this nature, I believe that the strange instinct of our cuckoo 
has been generated. It has, also, recently been ascertained 
tliat the cuckoo occasionally lays her eggs on the bare ground, 
sits on them and feeds her young ; this rare and strange event 
evidently is a case of reversion to the long-lost aboriginal in- 
stinct of nidification. 
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It has been objected that I have not notieed other related 
instincts and adaptations in the cuckoo, which are falsely 
spoken of as necessarily coordinated. But in all cases, specu- 
lation on an instinct known only in a single species is \iscless, 
for we have no facts to guide ns. Until quite recently the in- 
stincts of the European and of the non-parasitic American 
cuckoo alone were known ; ll0^v, owing to Mr. PI. Bamsay’s 
observations, we know something about three Australian spe- 
cies, which lay tlieir eggs in other birds’ nests. The chief 
points are three : first, that tlie cuckoo, with rare exceptions, 
lays only one egg in a nest, so that the large and voracious 
young bird may receive ample food. Secondl}", that the eggs 
are of remarkably small size, not exceeding those of the sky- 
lark — a bird about one-fourth as large as the cuckoo. That 
the small size of the egg is a real case of adaptation we may 
infer from the fact of the non-parasitic American cuckoo laying 
full-sized eggs. Thirdl}", that the young cuckoo, soon after 
birth, has the instinct, the strength, and a properly-shaped 
back, for ejecting its foster-brothers, which then perish from 
cold and hunger. This, it has been boldly maintained, is a 
beneficent arrangement, in order that the young cuckoo may 
get sullicicnt food, and that its foster-brothers may perish be- 
fore they have acquired much feeling. 

Turning now to the Australian species ; though these birds 
generally lay only one egg in a nest, it is not rare to find two 
and even three eggs in the same nest. In the Bronze cuckoo 
the eggs vary greatly in size, from eight to ten lines in length. 
Now if it had been of any advantage to this species to have 
laid eggs even smaller than those now laid, so as to have 
deceived certain foster-parents, or, as is more ])robable, to have 
])ccn hatched within a shorter period (for it is asserted that 
there is a relation between size and the period of incubation), 
then there is no difliculty in believing that a race or species 
might have been formed which would have laid smaller and 
smaller eggs ; for these would have been more safely hatched 
and reared. Mr. Ramsay remarks that two of the Australian 
cuckoos, when they lay their eggs in an open nest, manifest a 
decided preference for nests containing eggs similar in color to 
their own. The Eurojiean species certainly manifests some 
tendency toward a similar instinct, but not rarely dcjiarts from 
it, as is shown by her laying her dull and ]xdc-colorod eggs in 
the nest of the Ilcdge-warljler with bright grccnish-bluc eggs. 
Had our cuckoo invariably displayed the above instinct, it 
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wonltl assuredly have been added lo those which it is assumed 
must all have been acquired together. The eggs of tlie Aus- 
tralian ]3ronze cuckoo vary, according to !Mr. Itainsay, lo an 
extraordinary degree in color; so that in this respect, as well 
as in size, natural selection assuredly might have secured and 
fixed any advantageous variation. 

^Vith reference to the young European cuckoo ejecting its 
foster-brothers — it must first be remarked that !Mr. Gould, who 
has paid particular attention to this subject, is convinced that 
the belief is an error: he asserts that the young foster-birds 
arc generally ejected during the first three da3'S, when the 
young cuckoo is quite powerless ; he maintains that the young 
cuckoo exerts, l>y its hungcr-crics, or by some other means, 
such a fascination over its foster-parents, that it alone receives 
food, so that the others are starved to death, and arc then 
thrown out, like the egg-shells or the excrement, by the old 
birds. lie admits, however, that the young cuckoo wlien 
grown older and stronger may have the power, and ])erhaps the 
instinct, of ejecting its foster-brothers, if theyhap])cn to escape 
starvation during the first few days after birth. !Mr. Itamsay 
has arrived at the same conclusion regarding the Australian 
species: he states that the young cuckoo is at first a little 
helpless fat creature, but, “as it grows rapidly, it soon fills u]) 
the greater part of the nest, and its unfortunate companions, 
either smothered by its weight, or starved to death through its 
greediness, arc thrown out by their parents.” Ncvertlielcss 
there is so much evidence, both ancient and recent, that the 
young European cuckoo does eject its foster-brothers, that this 
can hardly be doubted. Now, if it were of great importance 
to the young cuckoo to receive as much food as possible soon 
after birth, I can sec no special dilhculty in its gradual!}" 
accjuiring, during successive generations, the habit (perhaps 
through mere unintentional restlessness), the strength, and the 
structure, best fitted for ejecting its foster-brothers; for those 
young cuckoos which had such habits and structure would be 
the best fed and most securely reared. I can sec no more 
dilliculty in this, than in young birds acquiring the instinct and 
the temporary hard tij^s to their beaks for breaking through 
their own shells — or than in young snakes having in their 
upper jaws, as Owen has remarked, a transitory sharp tooth 
for cutting through the tough egg-shell. Eor if each part is 
liable to individual variations at any age, and the variations 
tend lo be inherited at a corrcsjionding age — propositions 
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which cannot be disputed — then the instincts and structure of 
the young could be slowly modified as well as those of the 
adult; and both cases must stand or fall with the whole theory 
of natural selection. 

The occasional habit of birds la3ang their eggs in other 
birds’ nests, either of the same or of distinct species, is not 
vcr}' uneoimnon with the Gallinaeem; and this perliaps explains 
the origin of a singular instinct in the nearest allied group, 
that of ostriehes. For several hen-ostriches unite and lay first 
a few eggs in one nest and then in another; and these are 
hatched by the males. This instinct may probabl v be accounted 
for b}' the faet of the hens la^dng a large number of eggs, but, 
as in the case of the euckoo, at intervals of two or three days. 
The instinct, however, of the American ostrich has not as }'et 
been perfected ; for a surprising number of eggs lie strewed 
over the plains, so that in one daj^’s hunting I picked up no 
less than twenty lost and wasted eggs. 

I'.Iany bees are parasitic, and regularl^^ la^^ their eggs in the 
nests of other kinds of bees. This ease is more remarkable 
than that of the euckoo; for these bees have not onl}" had their 
instincts but their structure modified in accordance ^vith their 
parasitic habits ; for they do not possess the pollen-collecting 
apparatus which would have been indispensable if the}" had 
stored food for their own }"oimg. Some species, likewise, of 
Sphegidie (wasp-like insects) arc parasitic in the same manner 
on other species; and M. Fabre has latelv shown good reason 
for believing that, although the Tachj^tes nigra generally makes 
its own burrow and stores it with paralvzed prey for its own 
larvjc, yet that, when this insect finds a burroAV already" made 
and stored by another sphex, it takes advantage of the prize, 
and becomes for the occasion parasitic. In this case, as with 
the supposed case of the euckoo, I can see no diflicult}" in nat- 
ural selection making an occasional habit permanent, if of ad- 
vantage to the species, and if the insect, whose nest and stored 
food are thus feloniousl}' appropriated, be not thus extermi- 
nated. 

iSkive^maK'ing Instinct . — This remarkable instinct was first 
discovered in the Formica (PoWerges) rufescens hy Picn'o 
Huber, a better observ'cr even than his celebrated fatlier. This 
ant is absolutel}" dependent on its slaves ; without their aid, 
the species would certainly become extinct in a single year. 
The males and fertile females do no work of any kind, and the 
workers or sterile females, though most energetic and conra- 
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geoiis in caj:)tuiin^ slaves, do no other work. They are inca- 
pable of making tlieir own nests, or of feeding tlicir own larvic. 
When the old nest is found inconvenient, and they have to 
migrate, it is the slaves which determine the migration, and 
actually carry their masters in their jaws. So utterly helpless 
are the masters, that when Huber shut up thirty of them with- 
out a slave, but with jdenty of the food which they like best, 
and with tli(‘ir own hirvie and pupae to stimulate them to work, 
they did nothing; they could not even feed themselves, and 
many perished of hunger. Huber then introduced a single 
slave (F. fusca), and she instantly set to work, fed and saved the 
survivors ; made some cells and tended the larva^, and put all to 
rights. AVhat can be more extraordinary than these well- 
ascertained facts ? If we had not known of any other slave- 
making ant, it would have been hopeless to speculate hov»^ so 
wonderful an instinct could have been perfected. 

Another s])ecies, F ormica sanguinea, was likewise first dis- 
covered by P. Huber to be a slave-making ant. This species 
is found in the southern parts of England, and its habits have 
been attended to by Mr. F. Smith, of the British Museum, to 
whom I am much indebted for information on this and other 
subjects. Although fully trusting to the statements of Huber 
and Mr. Smith, I tried to approach the subject in a skeptical 
frame of mind, as any one may well be excused for doubting 
the truth of so extraordinary and odious an instinct as that of 
making slaves. Hence I will give the observations which I 
made, in some little detail. I o])cncd fourteen nests of F. san- 
guinea, and found a few slaves in all. !Males and fertile fe- 
males of the slave species (F. fusca) are found only in their 
own jiroj^er communities, and have never been observed in the 
nests of F. sanguinea. The slaves arc black and not above 
lialf the size of their red masters, so that the contrast in their 
a])pearancc is great. When the nest is slightly disturbed, the 
slaves occasionally come out, and like their masters arc much 
agitated and defend the nest ; when the nest is much dis- 
turbed, and the larvm and pup:e are cxjioscd, the slaves work 
energetically together witli their masters in carrying them 
away to a ]dacc of safety. Hence, it is clear, that the slaves 
feel quite at home. During tlie months of June and July, on 
three successive years, I have watched for many hours several 
nests in Surrey and Sussex, and never saw a slave either leave 
or enter a nest. As, during these months, the slaves are very few 
in number, I thought that they might behave difiercntly when 
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more numerous ; but Mr. Smith informs me that he has watched 
the nests at various hours during Maj’, June, and August, both 
in Surrey and Hampshire, and has never seen the slaves, 
llioug'h jiresent in large numbers in August, cither leave or 
enter the nest. ITeiice he considers them as strictly house- 
hold slaves. Tiie masters, on the otlier hand, maybe constant- 
ly seen bringing in materials for the nest, and food of all Idnds. 
During the year 18G0, however, in the month of July, I came 
across a community with an unusually large stock of slaves, 
and I observed a few slaves mingled with their masters leaving 
the nest, and marching along the same road to a tall Scotch-fir- 
tree, twenty-five yards distant, which they ascended together, 
probably in search of aphides or cocci. According to Huber, 
who had ample opportunities for observation, the slaves in 
Switzerland habitually work with their masters in making the 
nest, and they alone oj)cn and close the doors in the morning 
and evening; and, as Huber expressly states, their principal 
ollice is to search for aphides. This clifTerence in the usual 
habits of the masters and slaves in the two countries probably 
depends merely on the slaves being captured in greater num- 
bers in Switzerland than in England. 

One day I fortunately witnessed a migration of F. sanguinea 
from one nest to another, and it was a most interesting spec- 
tacle to behold the masters carefully carr^dng their slaves in 
their jaws instead of being carried by them, as in the case of F. 
rufcscens. Another day my attention was struck by about a 
score of the slave-makers haunting the same spot, and evidently 
not in search of food ; they apjiroached and were vigorously 
rejnilsed by an independent community of the slave-species 
(F. fusca) ; sometimes as many as three of these ants clinging 
to tlie legs of the slave-making F. sanguinea. The latter ruth- 
lessly killed their small opponents, and carried their dead 
bodies as food to their nest, twenty -nine yards distant ; but 
they were ]n*evented from getting any ])U])m to rear as slaves. 
1 then dug up a small parcel of the pupa3 of F. fusca from 
another nest, and put them down on a bare spot near the place 
of combat ; they were eagerly seized and carried off by the 
tyrants, who perhaps fiincied that, after all, they had been vic- 
torious in their late combat. 

At the same time I laid on the same place a small ])arcel 
of the pupa 3 of another species, F. flava, with a few of these 
little yellow ants still clinging to the fragments of their nest. 
Jliis species is sometimes, though rarely, made into slaves, as 
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has been described by Mr. Smith. Althoiigli so small a species, 
it is ver}^ courageous, and I have seen it ferociously attack other 
ants. In one instance I found to my surprise an independent 
coininuiiity of F. Hava under a stone beneath a nest of the 
slave-making F. sanguinea ; and when I had accidentally dis- 
turbed both nests, the little ants attacked their big nciglibors 
with surprising courage. Now I was curious to ascertain wheth- 
er F. sanguinea could distinguish tlic pupm of F. fusca, which 
they hal)itually make into slav'es, from those of the little and 
furious F. llavii, which they rarely capture, and it was evudent 
that they did at once distinguish them ; for we have seen that 
they eagerly and instantly seized the piipm of F. fusca, whereas 
they were much terrified when they came across the pupm, or 
even the earth from the nest, of F. Hava, and quickly ran away ; 
but in about a quai ter of an hour, shortly after all the little 
yellow ants had craAvlcd away, they took heart and earried oH’ 
the piipre. 

One evening I visited another community of F. sanguinea, 
and found a number of these ants returning home and entering 
their nests, carrying the dead bodies of F. fusca (showing that 
it was not a migration) and numerous pupm. I traced a long 
file of ants burdened with booty, for about forty yards, baek to 
a very thick clump of heath, whence I saw the last individual of 
F. sanguinea emerge, carrying a pupa ; but I was not able to 
find the desolated nest in the thick heath. The nest, however, 
must have been close at hand, for two or three individuals of 
F. fusca were rushing about in the greatest agitation, and one 
was perched motionless with its o>vn pupa in its mouth on the 
top of a spray of heath, an image of despair, over its ravaged 
home. 

Such are the facts, though they did not need confirmation 
by mo, in regard to the wonderful instinct of making slaves. 
Let it be observed what a contrast the instinctive habits of F. 
sanguinea present with those of the Continental F. rufescens. 
The latter does not build its own nest, does not determine its 
own migrations, does not collect food for itself or its young, 
and cannot even feed itself: it is absolutely dependent on its 
numerous slaves. Formica sanguinea, on the other hand, pos- 
sesses much fewer slaves, and in the early part of the summer 
extremely few : the masters determine when and Avhere a new 
nest shall be formed, and, when they migrate, the masters carry 
the slaves. Hoth in Switzerland and England the slaves seem 
to have the exclusive care of the l irvm, and the masters alone 
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go on slaTC-inaking expeditions. In Switzerland the slaves 
and masters work together, making and bringing materials for 
the nest ; l)oth, but chiefly the slaves, tend, and milk, as it may 
be called, their aphides; and thus both collect food for the 
community. In England the masters alone us\ially leave the 
nest to collect building-materials and food for themselves, their 
slaves and larvie. So that the masters in this country receive 
much less service from their slaves than they do in Switzerland. 

By what steps the instinet of F. sanguinea originated I 
will not pretend to conjecture. But as ants, which arc not 
slave-makers, will, as I have seen, carry off pupre of other spe- 
cies, if scattered near their nests, it is possible that such pupm 
originally stored as food might become developed ; and the 
foreign ants thus unintentionally reared would then follow their 
proper instincts, and do what work they could. If their pres- 
ence proved useful to the species which had seized them — if it 
Avcrc more advantageous to this species to capture workers 
than to procreate them — the habit of collecting pupm originally 
for food might by natural selection be strengthened and ren- 
dered permanent for the very different purpose of raising slaves. 
When the instinct was once acquired, if carried out to a much 
less extent even than in our British F. sanguinea, which, as 
we have seen, is less aided by its slaves than the same species 
in Switzerland, natural selection might increase and modify the 
instinr^^ ^always supposing each modification to be of use to 
the species — until an ant was formed as abjectly dependent on 
its slaves as is the Formica rufcscens. 

CcU-malciug Instinct of the JIivc-J3cc . — I will not here 
enter on minute details on this subject, but will merely give an 
outline of the conclusions at which I have arrived, lie must 
be a dull man who can examine the exquisite structure of a 
comb, so bcaiitifull}" adapted to its end, without enthusiastic 
admiration, We hear from mathematicians that bees have 
])ractically solved a recondite ]iroblcm, and have made their 
cells of the proper shape to hold the greatest possible amount 
of honey, with the least possible consumption of precious wax 
in their construction. It has been remarked that a skilful work- 
man with fitting tools and measures, would find it very difficult 
to make cells of wax of the true form, though this is perfectly 
effected by a crowd of bees working in a dark hive. Granting 
whatever instincts you please, it seems at first quite inconceiv- 
able how they can make all the necessary angles and planes, 
or even perceive when they arc correctly made. But the dilli- 



Chap. VII. 



CELL-MAKING INSTINCT. 



217 



ciilty is not nearly so great as it at first ajijiears : all this beau- 
tiful work can be shown, I think, to follow from a few simple 
instincts. 

I was led to investigate this subject by ]Mr. ^Yaterhouse, 
who has'sliowu that the form of the eell stands in close relation 
to the presence of adjoining cells ; and the following view may, 
perhaps, be considered only as a modifieation of his theory : 
let us look to the great principle of gradation, and see whether 
Nature does not reveal to us licr method of work. At one end 
of a short s(uies we have humble-bees, which use their old 
cocoons to hold honey, sometimes adding to them short tubes 
of wax, and likcwis<‘ making separate and very irregular rounded 
cells of wax. At the other end of the series wc have the cells 
of the hivc-bee, jdaced in a double layer: each cell, as is well 
known, is an hexagonal prism, with the basal edges of its six 
sides bevelled so as to tit on to a pyramid, formed of three 
rhombs. These rhombs have certain angles, and the three 
which form the pyramidal base of a single cell on one side of 
the comb, enter into the composition of the bases of three ad- 
joining cells on the opposite side. In the series between the 
extreme perfection of the cells of the hive-bee and the simpli- 
city of those of the humble-bee, wc have the cells of the ]\Icxi- 
can ^lelipona domestiea, carefully described and figured by 
I^ieiTC iruber. llie Melipona itself is intermediate instruclure 
between the hive and humble bee, but more nearly related to 
the latter; it forms a nearly regular waxen comb of cylindrical 
cells, in which the young arc hatched, and, in addition, some 
large cells of wax for holding hone}". These latter cells are 
nearly spherical and of nearly equal sizes, and arc aggregated 
into an irregular mass. Hut tlie important point to notice is, 
that these cells arc always made at that degree of nearness to 
each other, that they would have intersected or broken into 
each other, if the s])hcres had been completed ; but this is never 
permitted, the bees building perfectly Hat walls of wax betAveen 
the spheres which thus tend to intersect. Hence each cell con- 
sists of an outer sjdierical portion, and of two, three, or more 
perf(‘ctly Hat surfaces, according as the cell adjoins two, three, 
or more other cells. When one eell rests on three other cells, 
which, from the sjihercs being nearly of the same size, is very 
frequently and necessarily the case, the tlin^e Hat surfaces arc 
united into a ]>yrainid ; and this ]wramid, as Iliiber has re- 
marked, is manifestly a gross imitation of the three-sid(*d pyrain- 
*dal bases of the cell of the hiv<*-li<M\ As in tin' cells of the 
10 
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liivC'beo, so liere, tlie tlireo plane surfaces in anyone cell neces- 
sarily enter into the construction of three adjoining cells. Tt 
is obvious that the Mclii)ona saves wax, and, what is more iin- 
jiortant, labor, by this manner of building; for the flat walls 
l)etwccn the adjoining cells are not double, but arc of the siinie 
thickness as the outer spherical portions, and yet each flat por- 
tion forms a part of two cells. 

Rellecting on this case, it occurred to me that if the Meli- 
pona had made its spheres at some given distance from each 
other, and had made them of equal sizes, and had arranged 
them symmetrically in a double layer, the resulting structure 
would probably have been as perfect as the comb of the hive- 
bee. Accordingly, I wrote to Prof. Miller, of Cambridge, and 
this geometer has kindly read over the following statement, 
drawn up from his information, and tells me that it is strictly 
correct : 

If a number of equal sjdicrcs be described with their centres 
placed in two parallel layers, with the centre of each sphere at 
the distance of radius X 4^ 2, or radius X 1.41421 (or at some 
lesser distance), from the centres of the six surrounding spheres 
in the same layer; and at the same distance from the centres 
of the adjoining spheres in the other and parallel layer; then, 
if planes of intersection between the several spheres in both 
layers be formed, there will result a double layer of hexagonal 
prisms united together b}’ jwramidal bases formed of three 
rhombs; and the rhombs and the sides of the hexagonal prisms 
will have every angle identically the same with the best meas- 
urements which have been made of the cells of the hive-bee. 
lint I hear from Prof. Wyman, who has made numerous care- 
ful measurements, that the accuracy of the workmanship of the 
bee has been greatly exaggerated ; so mucli so, that, as he adds, 
whatever the typical form of the cell may be, it is rarel}’, if 
ever, realized. 

Hence, we may safely conclude that, if we could slightly 
modify the instincts already possessed by the Melipona, and in 
themselves not very wonderful, this bee would make a structure 
as wonderfully perfect as that of the hive-bee. We must sup- 
pose the ^Melipona to have the power of forming her cells truly 
spherical, and of equal sizes ; and this would not be very sur- 
prising, seeing that she already does so to a certain extent, an<l 
seeing what peifectly cjdindrical burrows in wood many insects 
can make, apparently b}" turning round on a fixed ]>oint. AVe 
must suppose the Melipona to arrange her cells in level layers. 
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as slic already does her eylindrical eells; and we must further 
suppose, and this is tlie greatest difliculty, that she can some- 
liow judge accurately at what distance to stand from her fellow- 
laborers when several are making their spheres; but she is 
already so far enabled to judge of distance, that she alwa^'s 
describes her s]dieres so as to intersect largely; and then she 
unites tlie points of intersection l)y perfectly flat surfaces. 
Wc have further to suppose, buttliis is no diflicult}", tliat after 
hexagonal jirisms have been formed by the intersection of ad- 
joining splieres in the same layer, she can ])rolong the hexagon 
to any leiigtli requisite to hold the stock of honey; in the same 
way as tlie rude humble-bee adds cylinders of wax to the circu- 
lar inoutlis of her old cocoons. 13y sucli modifications of in- 
stincts, in thcinsclvcs not very wonderful — hardly more wonder- 
ful than tliose which guide a bird to make its nest — I believe 
that the hive-bee has acquired, through natural selection, her 
inimitable architectural powers. 

But this tlieory can be tested by experiment. Following 
the example of Mr. Tegctmcicr, I separated two eombs, and put 
between them a long, thick, rectangular strip of wax ; the bees 
instantly began to e.xcavate minute cireular pits in it; and as 
they deepened these little ]iits, they made them wider and 
wider until they were converted into shallow basins, ap]:>caring 
to the eye jierfeetly true or parts of a sphere, and of about the 
diameter of a cell. It was most interesting to me to observe 
that,* wherever several bees had begun to excavate these basins 
near together, they had begun their work at such a distance from 
each olluT, that Iw the time the basins had acipiired the above- 
•stated width (i. e., about the width of an ordinary cell), and 
were in dcjUli about one-sixth of the diameter of the sphere of 
which they formed a part, the rims of the basins intersected or 
broke into each other. As soon as this occurred, the bees 
ceased to excavate, and began to build up flat walls of wax on 
the lines of intersection between the l)asins, so that each lu*.\- 
agonal prism was built upon the scallo])cd edge of a smooth 
basin, instead of on the straight edges of a three-sided jwrainid 
as in the case of ordinary cells. 

I then ]iut into the hive, instead of a thick, rectangular 
])ieee of wax, a thin and narrow, knife-edged ridg(‘, colored 
with vermilion. The bees instantly began on both sides to ex- 
cavate littl(‘ basins near to each oth(‘r, in the same way as be- 
fore; but tlie ridge of wax was so thin, that the bottoms of the 
basins, if they had been excavated to the same depth as in the 



220 



SPECIAL INSTINCTS. 



ClJAP. VII. 



former experiment, would liavc broken into each otlier from 
tlie opposite sides. The l)ees, I'.owever, did not sutler this to 
hapjKm, and they stopped their excavations in due time; so 
lliat the l)asins, as soon as they had been a little deej^cned, 
came to have bottoms with flat sides ; and these flat sides, 
formed by little thin plates of the vermilion wax left un- 
oMiawed, were situated, as far as tlic eye could judge, exactly 
along the ])Iancs of imaginary intersection between the basins 
on the opposite sides of the ridge of wax. In some parts, only 
small portions, in other ])arts, large portions of a rhombic jdatc 
had been left between the opposed basins ; but the work, from 
the unnatural state of things, had not been neatly performed. 
The bees must have worked at very nearly the same rate in 
circularly gnawing away and deepening the l^asins on both 
sides of the ridge of vennilion wax, in order to have thus suc- 
ceeded in leaving flat plates between the basins, by stoj)j)ing 
work at the ])lancs of intersection. 

Considering liow flexible thin wax is, I do not see that 
there is ain* ditliculty in the bees, Avhilc at work on the two 
sides of a strip of wax, perceiving when they have gnawed the 
wax away to the ])ro])cr thinness, and then stopping their work. 
In ordinary combs it lias appeared to me that the bees do not 
always succeed in working at cxaetl3' the same rate from the 
opposite sides ; for I have noticed half-coinjdcted rhombs at 
tlui l>asc of a just-commenced cell, whicli were slightly concave 
on one side, where 1 suppose that the bees had excavated too 
quickly, and convex on the opjioscd side where the bees had 
Avorked less quickly. In one well-marked instance, I ]Hit the 
comb back into the hive, and allowed the bees to go on work- 
ing for a sliort time, and again examined the cell, and I found 
that the rhombic plate had been completed, and had become 
}wrfc(‘thj jlat : it was absolutely impossible, from the extreme 
thinness of the little plate, that they could have elTectcd this 
by gnawing awa}" the convex side ; and I suspect that the bees 
in such cases stand on opjiosite sides and push and bend the 
ductile and warm wax (which, as 1 have tried, is easily done) 
into its projier intermediate plane, and thus flatten it. 

From the experiment of the ridge of vermilion wax we can 
sec that, if the bees were to build for themselves a thin wall 
of wax, tlicy could make their cells of the proper shape, by 
standing at the prop(‘r distance from each other, by excavat- 
ing at the same rate, and by endeavoring to make equal sidicri- 
cal hollows, but never allowing the splicres to break into each 
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otlicr. Now bees, as may be clearly seen by examining the 
ed^*e of a growing comb, do make a roii^^b, circumferential 
wall or rim all round tlic comb ; and they "“iiaw this away from 
the opposite sides, always working circularly as they JcepcMi 
each cell. They do not make the whole three-sided j)yramidal 
base of any one cell at the same time, but only that one rhom- 
bic j)latc which stands on the extreme gTowing margin, or the 
two plates, as the case may be; and they never coinjdetc the 
upper edges of the rhombic plates, until the hexagonal walls 
arc commenced. Some of these statements differ from those 
made by the justly-celebrated elder Ilnbcr, but I am convinced 
of their accuracy; and, if I had space, 1 could show that tlicy 
are conformable with my theory. 

Huber’s statement, that the very first cell is excavated oui 
of a little parallel-sided wall of wax, is not, as far as 1 have 
seen, strictly correct ; the first commencement having always 
bhen a little hood of wax ; but I will not here enter on these 
details. We see how important a part excavation plays in the 
construction of the cells ; but it would be a great eiTor to sup- 
]iosc that the bees cannot build up a rough wall of wax in the 
jDroper position — that is, along the jdanc of intersection be- 
tween two adjoining spheres. I have several specimens show- 
ing clearly that they can do this. Evxn in the rude circum- 
ferential rim or wall of wax round a growing comb, ilexures 
may sometimes be observed, corresponding in position to the 
planes of the rhombic basal plates of future cells. But the 
rough wall of wax has in every case to be finished off, by being' 
largely gnawed away on both sides. The manner in which 
the bees build is curious; they always make the first rough 
wall from ten to twenty times thicker than the exccssiveh^ 
thin finished wall of the cell, which will ultimately be left. 
Wo shall understand how they work, by supposing masons first 
to ])ilc up a broad ridge of cement, and then to liegin cutting 
it away ecjually on both sides near the ground, till a smootli, 
very thin wall is left in the middle ; the masons always piling 
up the cut-away cement, and adding fresh cement on the sum- 
mit of the riilge. We shall thus have a thin wall steadily 
growing upward but always crowned by a gigantic coping. 
From all the cells, both those just commenced and those coin- 
jilcted, being thus crowned by a strong cojiing of wax, the 
bees can cluster and crawl over the comb without injuring the 
delicate hexagonal walls. These walls, as Prof. Miller has 
kindly ascertained for me, vary greatly in thickness ; being. 
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on an average of twelve measurements made near the border 
cjf the comb, of an inch in thickness; whereas the basal 
rliomboidal plates are thicker nearly in the proportion of three 
to two, having a mean thickness, from twenty-one measure 
ments, of of an inch. 13y the above singular manner of 
building, strength is continually given to the comb, with the 
utmost ultimate economy of Avax. 

It seems at first to add to the difliculty of understanding 
how the cells are made, that a multitude of Idccs all work to- 
gether ; one bee after working a short time at one cell going 
to another, so that, as Huber has stated, a score of individuals 
work even at the commencement of the first cell. I was able 
practically to shoAV this fact, by covering the edges of tlic hex- 
agonal walls of a single cell, or the extreme margin of the cir- 
cumferential rim of a growing comb, with an extremely thin 
layer of melted Axnnilion Avax ; and 1 invariably found that the 
color Avas most delicately dilTused by the bees — as delicately 
as a painter could liaA'c done AAntli his brush — by atoms of the 
colored AA^ax liaA’ing been taken from the spot on Avhich it had 
been placed, and AAorked into the groAving edges of the cells 
all round. The Avork of construction seems to be a sort of 
balance struck between many bees, all instinctiA^ely standing 
at the same relative distance from each other, all trying to 
SAveep equal spheres, and then building up, or leaving un- 
gnaAved, the planes of intersection betAveen these sjdicres. It 
Avas really curious to note in cases of ditliculty, as Avhen tAAo 
pieces of comb met at an angle, Iioaa^ often the bees AA*onld pull 
doAvn and rebuild in different Avays the same cell, sometimes 
recurring to a shape Avhich they had at first rejected. 

'When bees liaA'C a place on aaIucIi they can staiid in their 
j)roper positions for Avoiking — for instance, on a slip of Avood, 
placed directly Tinder the middle of a comb groAA ing doAAniAvard 
so that the comb has to be built OA’er one face of the slij:) — in 
this case the bees can lay the foundations of one Avail of a ncAV 
hexagon, in its strictly proper place, ])rojecting beyond the 
other com])leted cells. It suffices that the bees should be en- 
abled to stand at their proper relatiA'C distances from each 
other and from the AA’alls of the last completed cells, and then, 
by striking imaginar}^ spheres, they can build up a AA'all inter- 
mediate betAAxen tAA'o adjoining spheres; but, as far as I have 
seen, they neA’er gnaAV aAA^ay and linish off the angles of a cell 
till a large part both of that cell and of the adjoining cells has 
been built. This capacity in bees of laying doAAii under ccr- 
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tain circumstances a rough 'wallin its ])ro])ci’ place Ixilwcen two 
jiist’conimcnccd cells, is important, as it bears on a fact, which 
seems at first quite subversive of the foregoing tiicoiy ; namely, 
that the cells on the extreme inaigin of wasp-combs arc some- 
times strictly hexagonal ; but 1 have not sj)acc here to enter 
on this subject, Nor docs there seem to me any great ditli- 
cnlty in a single insect (as in the case of a queen-wasp) making 
hexagonal cells, if she were to work alternately on the inside 
and outside of two or three cells commenced at the same time, 
always standing at the proper relative distance from the parts 
of the cells just begun, swcc]nng spheres or cylinders, and 
building uj) intermecliatc planes. 

As natural selection acts only by the accumulation of slight 
mod ifica-l ions of structure or instinct, each prolltable to the 
individual under its conditions of life, it may reasonably be 
asked, how a long and graduated succession of modified archi- 
tectural instincts, all tending toward the pi'cscnt jicrfcct plan 
of construction, could have profited the jirogenitors of the hive- 
bee? 1 think the answer is not dillicult: cells constmeted 
like those of the bee or the vrasp gain in strengtli, and save 
much in lalior and sjiace, and in the materials of which they 
are constructed. With respect to the formation of wax, it is 
known that bees are often hard pressed to get sullicicnt nectar, 
and I am informed by Mr. Tegetmeier that it has been experi- 
mentally proved that from twelve to fifteen pounds of dry 
sugar arc consumed by a liivc of bees for tlic secretion of each 
pound of wax; so that a prodigious quantity’ of fluid nectar 
must be collected and consumed by the bees in a hive for the 
secretion of the wax necessary for the construction of their 
combs. Moreover, many bees have to remain idle for many 
daj’s during the ])roccss of secretion. A large store of honey 
is indispensal3lc to sup|X)rt a large slock of bees during the 
winter ; and the sccurit}^ of the hive is known mainly to depend 
on a largo number of bees being supported. lienee the saving 
of wax by largely saving honey and the time consumed in col- 
lecting tlie honey must be an important element of success to 
any family of bees. Of course', the success of the species may 
be dependent on the number of its enemies, or parasites, or on 
(juitc distinct causes, and so be altogether independent of the 
cjuantity of honey which the bees could collect, lint let us 
su})])ose that this latter circumstance determined, as it proba- 
bly often has determined, whether a bee allied to our humble- 
bees could exist in large iuimbei*s in an}' country ; and let us 
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furllicr suppose that the comnmiiity lived llironi^li the winU^r, 
and conscqnentl)' required a store of lioiiey; there can in this 
case be no doubt tliat it would he an advanta;;^e to our iiiia;;^!- 
uary humble-bee, if a slight modilication in her instincts led 
her to make her waxen cells near together, so as to intersect 
little; for a wall in common even t(^ two adjoining cells would 
save some little labor and wax. Hence it vrould continually 
1)C more and more advantageous to our humble-bees, if they 
^vere to make their cells more and more regular, nearer to- 
gether, and aggregated into a mass, like the cells of the }.Icli- 
pona; for in this ease a large part of the bounding surface of 
each cell would serve to bound the adjoining cells, and much 
labor and wax would be saved. Again, from the same cause, 
it would be advantageous to the ^Iclipona, if she were to 
make her cells closer together, and more regular in every way 
than at present ; for then, as we have seen, the sj:)herical sur- 
faces would wholly disa]^]icar and be replaced by plane sur- 
faces ; and the Melipona would make a comb as perfect as that 
of the hive-bee. Beyond this stage of ])erfecti(m in architect- 
ure, natural selection could not lead ; for the comb of the hive- 
bee, as far as we can sec, is absolutclv^ perfect in cconoinizinir 
labor and wax. 

Thus, as I believe, the most wonderful of all known in- 
stincts, that of the hive-bee, can be explained by natural selec- 
tion having taken advantage of numerous, successive, slight 
modilications of simpler instincts; natural selection having, by 
slow degrees, more and more pcrfectlj^ led the bees to sweep 
('qual spheres at a given distance from each other in a double 
lajxr, and to build up and excavate the wax along the planes 
of intersection ; the bees, of course, no more knowing that 
they swcj:>t their s]>hcrcs at one particular distance from each 
other, than they know what are the several angles of the 
hexagonal jwisms and of the basal rhombic plates; the motive 
])ower of the process of natural selection having been the con- 
struction of cells of due strcngtii and of the proper size and 
shape for the larv»a?, this being clfected with the gTcatest pos- 
sible economy of labor and wax ; that individual swarm which 
thus made the best cells with least labor, and least waste of 
honc}' in the secretion of wax, having succeeded best, and hav- 
ing transmitted by inheritance their newly-acquired economical 
instincts to new swarms, which in their turn will have had the 
best chance of succeeding in the struggle for existence. 
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Objections to the Thcor]/ of I^atnral Selection as ajtplied to 
Insthicts ; ^^eiiter a)id Sterile Insects, 

It has been objected to the foregoing view of tlie origin of 
instincts tliat ‘Hlie variations of structure and of instinct must 
liave been simultaneous and aeeuratcly adjusted to eaeh other, 
as a modifieation in the one without an immediate corre- 
sponding change in the other would Iiavc been fatal.” Tlic 
force of this objectioit rests entirely on the assum])tion that the 
changes in both instinct and structure are abrupt. To take as 
an illustration the case of the larger titmouse (Parus major) al- 
luded to in the last cha])ter: this l)ird often holds the seeds of 
the yew between its feet on a branch, and hammers away till 
it gets iiito the kernel. Now what special diflicult}" would 
tliere be in natural selection preserving all the slight individ- 
ual variations in the sliapc of the beak, which were better and 
better adapted to break open the seeds, until a beak was 
formed, as well constructed for this pur})ose as that of the nut- 
hatch, at the same time that habit, or com])ulsion, or sponta- 
neous variations of taste, led the bird to become more and more 
of a seed-eater ? In this case the beak is supj)osed to be slowly 
modilied by natural selection, subsequently to, but in accordance 
with, slowly-changing habits or taste; but let the feet of the 
titmouse vary ami grow larger from correlation with the l^oak, 
or from any other unknown cause, and it is not improbable 
that such larger feet would lead the bird to climb more and 
more until it acquired the remarkable climbing instinct and 
]iowerof the nuthatch. In this case a gradual change of struct- 
ure is supposed to lead to changed instinctive habits. To 
take one more case : few instincts arc more remarkable than 
that which leads the swift of the Pastern Islands to make its 
nest wholly of inspissated saliva. Some birds build their nests 
of mud, believed to be moistened v.uth saliva ; and one of the 
swifts of North America makes its nest (as I have seen) of 
sticks agglutinated with saliva, and even with ilakes of this 
substance. Is it, then, very improbable that the natural selec- 
tion of individual swifts, wliich secreted more and more saliva, 
should at last ])roduce a species with instincts leading it to 
neglect other materials^ and to make its iK'st exclusively of 
inspissated saliva? And so in other cases. It must, however, 
l)e admitted that in many instances we cannot conjcclurii 
whether it was instinct or structure which first varied. 

No doubt many instincts of vciy difiicull cxj)lanation could 
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he oj)])Osed to the tlieory of natural selection — eases, in wliicli 
wc cannot sec how an instinct could j)ossibl}' have originated; 
eases, in which no intermediate gradations arc known to exist ; 
cases of instinct of such trilling importance, tliat they could 
liardljOnive been acted on by natural selection; cases of in- 
stincts almost identically the same in animals so remote in the 
scale of Nature, that we cannot account for their similarity by 
inheritance from a common progenitor, and consequently must 
believe that the}^ were independently acquired through natural 
selection. I will not here enter on these several cases, but 
will confine myself to one special dillicult>’, which at first ap- 
jieared to me insuperable, and actually fatal to the whole 
theory. I allude to the neuters or sterile females in insect- 
communities : for these neuters often differ widely in instinct 
and in structure from both the males and fertile females, and 
yet, from being sterile, they cannot propagate their kind. 

The subject well deserves to be discussed at great length, 
but I will here take onlj" a single case, that of working or 
sterile ants. How the workers have been rendered sterile is a 
difiicult}" : but not much greater than that of any other strik- 
ing modification of structure ; for it can be shown that some 
insects and other articulate animals in a state of nature occa- 
sionally become sterile ; and if such insects had been social, 
and it had been profitable to the community that a number 
should have been annually born capable of work, but incapable 
of procreation, I can see no especial dilliculty in this having 
been ell’ccted through natural selection. But I must pass over 
this preliminary diiriculty. The great dilliculty lies in the 
working ants ditfering widely from both the males and the 
ferlilc females in structure, as in the shape of the thorax, and 
in being destitute of wings and sometimes of eyes, and in in- 
stinct. As far as instinct alone is concerned, the wonderful 
diflerence in this resj)cct between the workers and the ])erfect 
females, would have been better cxemplilied by the hive-bee. 
If a working ant or other neuter insect had been an ordinaiy 
animal, I should have unhesitatingly assumed that all its char- 
acters had been slowly acquired through natural selection; 
namely, by individuals having been born with slight profitable 
modifications, which were inherited bj^’-the offspring; and that 
these again varied and again were selected, and so onward. 
But with the working ant we have an insect difleriug greatly 
from its jxirents, yet absoliitcl}' sterile; so lliat it could never 
have transmitted successively-acquired modifications of struct- 
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lire or instinct to its jirop^eny. It may well be asked liow is 
it possible to reconcile this case with the theory of natural 
selection ? 

First, let it be remembered that we have innumerable in- 
oitances, botli in our domestic productions and in those in a 
state of nature, of all sorts of differences of inherited structure 
which arc correlated witli certain ages, and with either sex. 
A\^e have dillcrences correlated not only with one sex, but 
with that short ])criod when the rcj^roductivc system is active, 
as in the nuptial plumage of many birds, and in the hookecl 
jaws of the male salmon. AYc have even slight diflercnces in 
the horns of different breeds of cattle in relation to an artifi- 
cially imperfect state of the male sex ; for oxen of certain 
breeds have longer horns than the oxen of other breeds, rela- 
tively to the li'iigih of the horns in both the bulls and cows of 
these same breeds. Hence I can sec no great difficulty in any 
character becoming correlated with the sterile condition of 
certain members of insect communities: the difficulty lies in 
understanding how such correlated modifications of structure 
could have been slowly accumulated by natural selection. 

This difficulty, though appearing insuperable, is lessened, 
or, as I believe, disa]ipears, when it is remembered that selec- 
tion may be applied to the famil}", as well as to the individual, 
and may thus gain the desired end. Thus, breeders of cattle 
wi.sh the flesh and fat to be well marbled together ; the animal 
has been slaughtered, but the breeder has gone with confidence 
to the same stock and has succeeded. Such faith may be 
j^laccd in the power of selection, that probably a breed of 
cattle, always yielding oxen with extraordinarily long liorns, 
could be slowly formed by carefully watching which imlividual 
bulls and cows, when matched, prod^uced oxen with the longest 
horns ; and yet no one ox would ever have projiagated its 
kind. Here is a better and real illustration : according to M. 
Yerlot, .some varieties of the double annual stock of various 
colors, from having been long carefully selected to the right 
degree, always jmxlucc by seed a large proportion of jdanls 
bearing double and (jiiite sterile flowers; so that, if the variety 
had not likewise yielded others, it would at once have become 
extinct; but it always yields some single and fertile plants, 
which differ from ordinary single varieties only in their jiower 
of producing the two forms. Thus the fertile plants producing 
single flowers maj' be compared with the males and females of 
an ant-community, and the sterile double-flowered jilants, which 
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are regularly produced in large inmibers, with the many sterile 
neuters of the same communit3\ Tims I Ijclieve it lias been 
with social insects : a slight modification of structure, or of in- 
stinct, correlated with the sterile condition of certain members 
of the community, has been advantageous to the community: 
consequently the fertile males and females of the same com- 
munity flourished, and transmitted to their fertile ofl'spring a 
tendency to produce sterile members having the same modifi- 
cation. And I believe that this process has been repeated, 
until that prodigious amount of dilFercnce between the fertile 
and sterile females of the same species has been produced, 
which we see in so many social insects. 

But we have not as yet touched on the climax of the diffi- 
culty: namely, the fact that the neuters of several ants differ, 
not only from the fertile females and males, but from each 
other, sometimes to an almost incredible degree, and arc thus 
divided into two or even three castes. The castes, moreover, 
do not generally graduate into each other, but are perfectly 
well defined ; being as distinct from each other as arc any two 
species of the same genus, or rather as any two genera of the 
same family. Thus in Eciton, there are working and soldier 
neuters, with jaws and instincts extraordinarily different : in 
Cryptoocrus, the workers of one caste alone carry a wonderful 
sort of shield on their heads, the use of which is quite unknown : 
in tlic Mexican ^Myrmccocystus, the workers of one caste never 
leave the nest ; they arc fed by the workers of another caste, 
and they have an enormouslj’-dcvelopcd abdomen which se- 
cretes a sort of honejq supplying the place of that excreted by 
the aphides, or the domestic cattle, as they may be called, 
which our European ants guard and imprison. 

It will indeed be thought that I have an overweening con- 
fidence in the principle of natural selection, when I do not ad- 
mit that such wonderful and well-established facts at once an- 
nihilate the theory. In the simpler case of neuter insects all 
of one caste, which, as I believe, have been rendered diflcrent 
from the fertile males and females through natural selection, 
we may conclude from the analogy of ordinar}' variations, that 
the successive, slight, profitable modifications did not first 
arise in all the neuters in the same nest, but in some few alone ; 
and that by the sur\dval of the communities with females which 
j'M'oduce most neuters having the advantageous modification, all 
the neuters ultimately come to be tlms characterized. Accord- 
ing to this view, we ought occasionally to find in the same nest 
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neuter insects, i)reseutin^ gradations of structure; and this we 
do find, even frequentlj^ considering how few neuter insects 
out of Euro])e liave been carefully examined. ]Mr. F, ^Sinilh 
has shown tiiat the neuters of several British ants difler sur- 
prisingly from each other in size, and sometimes in color ; and 
that the extreme forms can be linked together by individuals 
taken out of the same nest ; 1 have myself compared perfect 
gradations of this kind. It sometimes happens that the larger 
or the smaller sized workers are the most numerous; or that 
both large and small are numerous, while those of an interme- 
diate size are scanty in numbers. Formica tlava has larger and 
smaller workers, with some few of intermediate size ; and, in 
this sjiecies, as Mr. F. Smith has observed, the larger workers 
have simple eyes (ocelli), which though small can be plainly 
distinguished, whereas the smaller workers have their ocelli 
rudimentary. IlaAung carefully dissected several specimens ot 
these workers, I can aflirm that the eyes are far more rudimen- 
tary in the smaller workers than can be accounted for merely 
by their proportionally lesser size; and I fully believe, though 
1 dare not assert so positively, that the workers of intermediate 
size have their ocelli in an exactly intermediate condition. So 
that here we have two bodies of sterile workers in the same 
nest, dillcring not only in size, but in their organs of vision, yet 
connected by some few members in an intermediate condition. 
I may digress by adding, that if the smaller workers had been 
the most useful to the community, and those males and females 
liad been continually selected, which produced more and more 
of the smaller workers, until all the workers were in this condi- 
tion, we should then have had a species of ant with neuters 
m'arly in the same condition with those of Mynnica. For the 
workers of Myrmica have not even rudiments of ocelli, thougli 
the male and female ants of this genus have well-develo])ed 
ocelli. 

I may give one other case : so confidently did T expect to find 
gradations in important points of structure lictween the difler- 
ent castes of neuters in the same species, tliat I gladly availed 
myself of Mr. F. Smith’s oiler of numerous specimens from the 
same nest of the driver-ant (Anomma) of AVest Afriea. 'Hie 
reader will jx'rhaps best a]i])reciate the amount of dilfenmee in 
these workers, by my giving not the actual measurements, but 
a strictly accurate illustration : the dilTerence was the same as 
if we were to see a set of workmen building a house, of whom 
many were live feet four inches high, and many sixteen feet 
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liigli ; but wc must suppose tliat tlic larger workmen had lieacls 
four instead of three times as big as those of the smaller men, 
and jaws nearly five times as big. The jaws, moreover, of the 
working ants of the several sizes differed wonderfully in shape, 
and in the form and number of the teeth. But the important 
fact for us is, that, though the workers can be grouped into castes 
of different sizes, yet they graduate insensibly into each other, 
as docs the widely-different structure of their jaws. I speak 
confidently on this latter point, as Sir J. Lubbock made draw- 
ings for me, witii the camera lucida, of the jaws which I dis- 
sected from the workers of the several sizes. ^Ir. Bates, in his 
most interesting “ Naturalist on the Amazons,” has described 
analogous cases. 

With these facts before me, I believe that natural selection, 
by acting on the fertile ants or parents, could form a species 
which should regularly produce neuters, either all of large size 
with one form of jaw, or all of small size vdth jaws having a 
\\'idely-diflerent structure ; or lastly, and this is the clima.x of 
diniculty, one set of workers of one size and structure, and at 
the same time another set of workers of a diflerent size and 
structure; a graduated scries having first been formed, as in 
the case of the driver-ant, and then tlic extreme forms having 
liccn ]:>rothiccd in greater and greater numbers, through the 
survival of the parents which generated them, until none with 
an intermediate structure were produced. 

An analogous exjdanation has been given by ^Ir. M'allace, 
of the equally complex case, of certain Malayan butterflies 
regularly appearing under two or even three distinct female 
forms ; and by Fritz Miillcr, of certain Brazilian crustaceans 
likewise appearing under two widcly-distinct male forms. But 
this subject need not here be discussed. 

1 have now ex])lainctl how, as I believe, the wonderful fact 
of two distinctl^'-defincd castes of sterile workers existing in 
the same nest, both widely different from each other and from 
their parents, has originated. A\^c can see how useful their 
]n’oduction may have been to a social community of ants, on 
the same principle that the division of labor is useful to civil- 
ized man. Ants, however, work by inherited instincts and by 
inherited organs or tools, while man works by acquired knowl- 
edge and manufactured instmments. But I must confess, that, 
with all my faith in natural selection, 1 should ncv'cr have an- 
ticipated that this principle could have been cflicicnt in so high 
a degree, had not the case of these neuter insects convinced me 
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of tlie fact. I have, therefore, discussed tliis case, at some little 
hut wholly iusullicicnt length, in order to sliow the power of nut- ' 
oral selection, and likewise because this is by far the most serious 
special diniculty which my theory has encountered. The cas(', 
also, is very interesting, as it proves that with animals, as with 
plants, any amount of modification may be clVectcd by the ac- 
cumulation of nnmerous, slight, spontaneous variations, which 
are in any way profitable, without exercise or habit having 
been brought into play. For j^eculiar habits confined to tlie 
workers or sterile females, however long they might be fol- 
lowed, could not possibly aficct the males and fertile female, 
which alone leave descendants. 1 am surprised that no one 
has hitherto advanced lliis demonstrative case of neuter insects, 
against the well-known doctrine of inherited habit, as advanced 
by Lamarck. 

Summarij, 

I have endeavored in this chapter briclly to show that the 
mental qualities of our domestic animals vary, and that the vari- 
ations arc inherited. Still more briefly I have attempted to show 
that instincts vary slightly in a state of nature. No one will 
dispute that instincts arc of the highest importance to each 
animal. Therefore there is no real difliculty, \mdcr changing 
conditions of life, in natural selection accumulating to any (‘x- 
tent slight modifications of instinct which arc in any way use- 
ful. In some cases habit or use, and disuse, have probably come 
into play. I do not pretend that the facts given in this cliaptcr 
strengthen in any great degree my theory; but none of the 
eases of difliculty, to the best of my judgment, anniliihitc it. 
On the other hand, the fact that instincts arc not alwa^’S ab- 
solutely perfect, and arc liable to'mistakes; that no instinct 
can be shown to have been produced for tlie good of other 
animals, though animals take advantage of the instincts of 
others; that the canon in natural history of “Natura non facit 
saltum,” is ajiplicable to instincts as well as to corporeal struct- 
ure, and is plainly cxjflicable on the foregoing vicw.s, but is 
otherwise inex]flicable — all tend to corroborate the theory of 
natural selection. 

This theory is, also, strengthened by some few other facts in 
regard to instincts; as by that common case of elosel 3 '-allic(l, 
but distinct, species, when inh.ibiling distant ]xirts of the 
world and living under eonsicFrabh’ dilh'rent conditions of 
life, yet often retaining nearly' t!i(' same instincts. For instance, 
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we can understand, on the principle of inheritance, liow it is 
that the thrush of trojncal South America lines its nest with 
mud, ill the same peculiar manner as does our British thrush : 
how it is that the hornbills of Africa and India liave the same 
extraordinary instinct of plastering’ up and imprisoning the 
females in a hole in a tree, with only a small hole left in the 
plaster through which the males feed them and the young 
when hatched : how it is that the male ^vrens (Troglodytes) of 
North America build “cock-nests,” to roost in, like the males 
of our kitty-wrens — a habit wholly unlike that of any other 
known bird. Finally, it may not be a logical deduction, but 
to my imagination il is far more satisfactory to look at such 
instincts as the young cuckoo ejecting its foster-brothers — ants 
making slaves — the larva) of ichneumonida3 feeding witliin the 
live bodies of caterpillars — not as specially endowed or created 
instincts, but as small consequences of one general law, lead- 
ing to the advancement of all organic beings — namely, multi- 
ply, vary, let the strongest live and the weakest die. 
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CIIArTEIi VIII. 

lIYBlilDISM. 

Pli^lincnon between the Sterilitjr of First Crosses and of Hybrids— Slerility various 
ill I)e;yjrce, not universal, afteeted by elosc Interbreccliu", removed by Domcsii- 
cxitioi)— Laws <;ovcmiuj^ ibc Sterility of Hybrids— Sterility not a sjiecial Endow- 
iiient, but inciilental on other Dltrereuees, not aceumulalccl by Natural Selection 
—Causes of the Sterility of First Crosses and of Hybrids— Parallelism between 
the Eflccts of Chanjrcd Conditions of Life and of Crossing— Diinoinhisin and 
, Trimorphism— Fertility of Varieties when crossed and of their Mou^rrel Ort'sprim^ 
not universal— Hybrids and Mongrels compared iudcpcudently of their Fertility 
—Summary. 

The view generally entertained by naturalists is that 
species, when intercrossed, liave l)ccn specially endowed with 
sterility, in order to prevent their confusion. This view cer- 
tainly seems at first highly probable, for s])ccics witliin tlic 
same country could hardly have been kept distinct had they 
been capable of freely crossing. The subject is in many ways 
imjiortant for us, more especially as the sterility of species 
wlicii first crossed, and tlnit of tlieir hybrid offspring, cannot 
have been acquired by the continued preservation of successive, 
]iroli tabic degrees of sterility. It is, as I hope to show, inci- 
dental on (lilfercnccs in the reproductive system of the jiarent- 
specics, and is not ciilicr a specially acquired or endowed 
quality. 

In treating this subject, two classes of facts, to a large ex- 
tent fimdamentally diilerent, have generally been confounded 
togetln^r ; namely, the sterility of two species wlicn first crossed, 
and the sterility of the hybrids produced from them. 

Pure species have of eoursc their organs of reproduction in 
a pr'rfect condition, yet when intererossed they produce either 
f(‘w or no otfspring. Hybrids, on tlie other liand, have tluar 
rejiroduclive organs functionally impotent, as may be clearly 
seen in the state of the male element in both jilanls and ani- 
mals ; though the formative organs themselves are jierfect in 
structure, as far as the microscope reveals. In the first case 
the two sexual elements which go to form the embryo are per- 
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feet ; in the second case they are either not at all developed, 
or are iinperfeelly develoj:)ed. This distinction is important, 
when the cause of the sterility, which is common to the two 
cases, has to be consichn-cd. The distinction probably has been 
slurred over, owini^ to the sterilitj^ in both cases being looked 
on as. a special endowment, beyond the j^rovince of our reason- 
ing powers. 

The fertility of vai’ieties, that is of the forms known or be- 
lieved to have descended from common parents, when inter- 
crossed, and likewise the fertility of their mongrel offspring, is, 
with reference to my theoiy, of equal importance with the 
sterility of species ; for it seems to make a broad and clear dis- 
tinction between varieties and species. 

JJcf/rees of Stevility. — First, for the sterilitj^ of species when 
crossed and of their hybrid offspring. It is impossible to study 
the several memoirs and works of those two conscientious and 
admirable observers, Kolreuter and Gartner, who almost de- 
voted their lives to this subject, without being deeply iin- 
]Dressed with the high generality of some degree of sterility. 
Kolreuter makes the rule universal ; but then he cuts the knot, 
for in ten cases in which he found two forms, considered by 
most authors as distinct species, quite fertile together, he un- 
hesitatingly ranks them as varieties. Gartner, also, makes the 
rule equally universal ; and he disputes the entire fertility of 
Kolreuter’s ten cases. But in these and in maiy other cases, 
Giirtner is obliged carefully to count the seeds, in order to 
show that there is any degree of sterility. He always conqiares 
the maximum number of seeds produced by two species when 
first crossed, and the maximum produced by their hybrid off- 
spring, with the average number produced by both pure par- 
ent-sjiccics in a state of nature. But a serious cause of error 
seems to me to be here introduced ; a plant, to be hybridized, 
must be castrated, and what is often more important, must be 
secluded in order to prevent pollen being brought to it by in- 
sects from other plants. Nearly all the plants experimented 
on by Giirtncr were potted, and were kept in a chamber in his 
house. That these processes arc often injurious to the fertility 
of a plant cannot be doubted ; for Gartner gives in his table 
about a score of cases of plants which he castrated, and arti- 
ficially fertilized vdth their own pollen, and (excluding all cases 
such as the Leguminosa*, in which there is an acknowledged 
difiiculty in the manipulation) half of these twenty ])lants had 
their fertility in some degree impaired. Moreover, as Gitrtncr 
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repeatedly crossed some forms, such as the common red and 
blue pimpernels (Anagallis arvensis and ca?riilea), Avhicli the 
best botanists rank as varieties, and found them absolutely 
sterile, \vc may doubt whether many species are really so ster- 
ile, when intercrossed, as he believed. 

It is certain, on the one hand, that the sterility of various 
species when crossed is so dilferent in deg'rec and graduates 
away so insensibly, and, on the other hand, that the fertility 
of ])ure species is so easily aHectcd by various circumstances, 
that for all ]iractical purj^oses it is most dillicult to say where 
perfect fertility ends and sterility begins. I think no better 
evidence of this can be recjuired than that the two most ex- 
j)crienced observers who have ever lived, namely, Kolreutcr 
and Gartner, shoiild have arrived at diametrically opposite con- 
clusions in regard to the very same species. It is also most 
instructive to compare — but I have not space here to enter on 
details — the evidence advanced by our best l)otanists on the 
question whether certain doubtful forms should be ranked as 
species or varieties, with the evidence from fertility adduced 
by diflerent hybridizers, or by the same author, from cx])cii- 
ments made during dilferent years. It can thus be shown that 
neither sterility nor fcrtilit}^ affords any clear distinction be- 
tween species and varieties; but that the evidence from this 
source graduates away, and is doubtful in the saim' degree as 
is the ovideiK*c derived from other constitutional and structural 
differences. 

In regard to the sterility of hybrids in successive generations; 
though Giirtner was enabled to rear some hybrids, carefully 
guarding them from a cross with either pure jxarent, for six or 
seven, and in one case for ten generations, yet he asserts posi- 
tively that their fertility never increased, but generally de- 
creased greatly and suddenly. "With respect to this decrease, 
it may first be noticed that, when any deviation in structure or 
constitution is common to both parents, this is often transmitted 
in an augmented degree to the offs])ring; and both sexual ele- 
ments in hybrid ])lants arc already affected in some degree. 
Hut I believe in nearly all these cases, that the fertility has 
been diminisluMl by an independent cause, namcl}', by too close 
interbreeding. I have collected so large a body of facts, show- 
ing on the one hand that an occasional cross with a distinct 
iiKlividual or variety increases the vigor and fertility of the 
offspring, and on the other hand that very close interbreeding 
lessons their vigor and fertility, that I must admit the correct- 
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ness of this iihno.st univcrsnl belief among breeders. Hybrids 
are seldoiii raised by experimentalists in great numbers; and 
as the ])a rent-species, or other allied hybrids, genendly grow 
in the same garden, the visits of insects must be carefully pre- 
vented during the llowcring season : hence hybrids will gener- 
ally have to be fertilized during each generation by their own 
individual pollen ; and this would probably be injurious to their 
fertility, already lessened by their hybrid origin. I am strength- 
ened in this conviction by a remarkable statement repeatedly 
made by Gartner, namely, that if even the less fertile hybrids 
be artificially fertilized with hybrid pollen of the same kind, 
their fertility, notwithstanding the frequent ill effects from 
manipulation, sometimes decidedly increases, and goes on in- 
creasing. Now, in the process of artificial fertilization, pollen 
is as often taken b}^ chance (as I know from my own experi- 
ence) from the anthers of another tlowcr, as from the anthers 
of the flower itself which is to be fertilized ; so that a cross be- 
tween two flowers, though probably often on the same plant, 
would be thus effected. Moreover, whenever complicated ex- 
periments are in ]n'ogrcss, so careful an observer as Giirtner 
would have castnited his hybrids, and this would have insured 
in each generation a cross with ]>ollen from a distinct flower, 
either from the same plant or from another plant of the same 
hj'brid nature. And thus the strange fact of an increase of 
fertility in the successive generations of artijicialhj -fertilized 
lu'brids, in contrast with those s]iontaneously self-fertilized, 
may, as I believe, be accounted for by too close interbreeding 
having been avoided. 

Now let us turn to the results arrived at by a third most 
experienced hybridizer, namely, the Hon. andKev. W. Herbert. 
He is as emphatic in his conclusion that some hybrids arc per- 
fectly fertile — as fertile as the pure parent-species — as are Kol- 
rcutcr and Giirtner that some degree of sterility between dis- 
tinct species is a universal law of Nature. He experimented 
on some of the very same species as did Giirtner. The difler- 
ence in their results may, I think, be in part accounted for by 
Herbert’s great horticultural skill, and by his having hot-houses 
at his command. Of his many important statements I will here 
give only a single one as an example, namely, that “ every 
ovulc in a pod of Crinum capensc fertilized by C. revolutiim 
])roduccd a plant, which I never saw to occur in a case of its 
natural fecundation.” So tliat here we have perfect, or even 
more than eomiiionly perfect, fertility in a first cross between 
two distinct species. 
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This case of tlic Crinum leads me to refer to a singular fact, 
namely, that individual jdants of certain species of Lobelia, 
Verbascinii, and Passiflora, can easily be fertilized by pollen 
from a distinct species, but not by pollen from the same plant, 
though this ]iollen can be proved to be perfectly sound by fer- 
tilizing other plants or species. In the genus liipiDeastrum, in 
Corydalis as shown by Prof. Hildebrand, in various orchids as 
shown by Mr, Scott and Fritz Muller, all the individuals arc in 
this peculiar condition. So that with some species, certain 
abnormal individuals, and in other species all the individuals, 
can actually be hybridized much more readily than they can 
]>e fertilized l)v i)ollcn from the same individual plant! To 
give one instance, a bulb of llippcastrum aulicum produced four 
llowers ; three were fertilized by Hcrliert with their own pollen, 
and the fourth was subsccpiently fertilized by the pollen of a 
compound li>djrid descended from three distinct species; the 
result was, that ‘‘ the ovaries of the first three flowers soon 
ceased to grow, and after a few da}'s perished entirely’, whereas 
the pod iinjDrcgnatcd by the pollen of the h}d)rid made vigorous 
growth and rapid ])rogrcss to maturity, and bore good seed, 
wliich vegetated freely.” Mr. Herbert tried similar experi- 
ments during many years, and always with the same result. 
With those plants in which certain individuals alone fail to lx‘ 
fertilized by their own j)oUcn, though tlic}^ appear quite healthy 
and although ])oth ovules and pollen are perfectly good with 
reference to other species, yet they must be in some way in an 
unnatural condition. These cases serve to show on what slight 
and mysterious causes the lesser or greater fertility of a s])ccies 
sometimes depends. 

The ]wactical experiments of horticulturists, though not 
made with scientific jirecision, deserve some notice. It is no- 
torious in how complicated a manner the species of Pelargo- 
nium, Phichsia, Calceolaria, Petunia, Rhododendron, etc., have 
been crossed, yet many of these hybrids seed freely. For in- 
stance, Herbert asserts that a hybrid from Calceolaria integri- 
folia and i>laiitaginea, S]X‘cics most widely dissimihir in general 
habit, “reproduced itself as perfectly as if it had been a natu- 
ral siiccics from the mountains of Chili.” I have taken some 
pains to ascertain tin' d(*gree of fertility of some of the complex 
crosses of Rhododendrons, and T am assured that many of them 
are perfectly fertile. !Mr. C. Xoble, for instance, informs mo 
tliat he rais(‘S stocks for grafting from a hybrid between Rliod. 
Ponticum and Catawbiense, and that this hybrid “seeds as 
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freely as it is possible to imagine.’’ Had hybrids, when fairly 
treated, always gone on deercasing in fertility in each succes- 
sive generation, as Giirlner believed to be tlic case, the fact 
would have been notorious to nursery-men. Horticulturists 
raise large beds of the same hybrids, and such alone arc fairly 
treated, for by insect-agency the several individuals of the 
same hybrid vaiicty arc allowed to ficcly cross with each other, 
and the injurious inriuenec of close interbreeding is thus pre- 
vented. Any one may readily convince himself of the elli- 
eicney of insect-agency by examining the flowers of the more 
sterile kinds of hybrid Ivliododcndrons, which produce no pol- 
len, for he will find on their stigmas plenty of pollen brought 
from other flowers. 

In regard to animals, much fewer experiments have been 
carefully tried than with plants. If our systematic arraiige- 
incnts can be trusted, that is, if the genera of animals arc as 
distinct from each other as are the genera of plants, then we 
may infer that animals more widely separated in the scale C)f 
Nature can be more easily crossed than in the case of ]dants ; 
but the hybrids themselves are, I think, more sterile. I doubt 
whether anj^ case of a perfect ly-fertile hybrid animal can bo 
considered as thoroughly well authenticated. It should, how- 
ever, be borne in mind that, owing to few animals breeding 
freely under confinement, few experiments have been fairly 
tried: for instance, the canary-bird has been crossed with nine 
other finches, but, as not one of these nine species breeds 
freely in confinement, we have no right to expect that the fust 
crosses between them and the canary, or that their hybrids, 
should be perfectly fertile. Again, with res]>ect to the fertility 
in successive generations of the more fertile hybrid animals, 
T hardly know of an instance in which two families of the same 
hybrid have been raised at the same time from different par- 
ents, so as to avoid the ill-effects of close interbreeding. On 
the contrary, brothers and sisters have usually been crossed 
in each successive generation, in opposition to the constantly- 
repeated admonition of every breeder. And in this case, it is 
not at all surprising that the inherent sterility in the hybrids 
should have gone on increasing. If we were to act thus, and 
])air brothers and sisters in the case of any pure animal, which 
from any cause had the least tendency to sterility, the laved 
would assuredly be lost in a few generations. 

Although I do not know of any thorouglily well-authenti- 
eated cases of perfect ly-fertile hybrid animals, 1 have reason to 
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believe tlnit the hybrids from Ccr\mhis vaginalis and Reevesii, 
and from Phasianiis colchiciis with P. torquatus, are perfectly 
fertile. It has lately been asserted in France, that two such 
distinct species as tlic hare and the rabbit, when they can be 
i^ot to breed together, produce offspring, which arc highly fer- 
tile when crossed with one of the parcnt-spceics. 'riic hybrids 
from the common and Cliincse geese (A. cygnoides), species 
which arc so dinerciit that tlicy arc generally ranked in dis- 
tinct genera, have often bred in this country with either pure 
parent, and, in one single instance, they have bred inter se. This 
was effected by Mr. Fyton, who raised two hybrids from the 
same ]Kircnts, but from diflercnt hatches; and from these two 
birds he raised no less than eight hybrids (grandchildren of the 
pure geese) from one nest. In India, however, these cross-bred 
geese must be far more fertile ; for I am assured by two emi- 
nently-capablc judges, namely, Mr. Blyth and Captain Hutton, 
tliat whole Hocks of these crossed geese are kept in various 
parts of the country; and as they are kept for ]n-ofit, where 
neither pure parent-species exists, they must certainly be high- 
ly or perfectly fertile. 

The various races of each kind of domesticated animals are 
quite fertile when crossed together ; yet in many eases they 
are descended from two or more wild species. From this fact 
we must conclude cither that the aboriginal parent-sjiccics 
])roduced at first perfectly fertile hybrids, or that the hybrids 
subsequently reared under domestication became quite fertile. 
This latter alternative, which was first propounded by Pallas, 
seems the most probable, and can, indeed, liardl^^ be doubted. 
It is, for instance, almost certain that our dogs arc descended 
from several wild stocks ; yet, witli perhaps the exception of 
('(M'tain indigenous domestic dogs of South America, all arc 
(jnite fertile togeth(*r; and analogy makes me greatly doubt 
whether the several aboriginal species woidd at first have 
freely bred togetlier, and have produced quite fertile hybrids. 
So, again, I liave lately acf|iiired decisive evidence that the 
crossed dll'spring from the Indian humped and common cattle 
are inter $e perfectly fertih'; and from the observations by 
lltUimcyer on their important osteological difT('rcnccs, as well 
as from those by Mr. lllyth on their (lillereiiccs in habits, voice, 
constitution, etc., these two forms must be regarded as good 
and distinct species as any in the world. According to this 
view of the origin of many domestic animals, we must either 
give up the belief of the almost universal sterility of distinct 
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species of animals wlicn crossed; or we must look at sterility, 
not as an indelible characteristic, but as one capable of being 
removed by domestication. 

Finally, considering all the ascertained facts on the inter- 
crossing of plants and animals, it may be concluded that some 
degree of stcrilitj^ both in lirst crosses and in hybrids, is an 
extremely general result; but that it cannot, under our ])rcscnt 
state of knowledge, be considered as absolutely universal. 

Laics fjocernimj the Sterilltu of First Crosses and of Jlyhrids. 

We will now consider a little more in detail the circum- 
stances and rules governing the sterility of first crosses and of 
hybrids. Our chief object will be to sec Avhethcr or not the 
rules indicate that species have specially been endowed with 
this quality, in order to prevent their crossing and blending to- 
gether in utter confusion. The following rules and conclusions 
are chiefly drawn up from Gartner’s admirable work on the 
hybridization of plants. I have taken much pains to ascertain 
how far the rules apply to animals, and, considering how scanty 
our knowledge is in regard to hybrid animals, I have been sur- 
]n*iscd to find how generally the same rules apply to both king- 
doms. 

It has been already remarked, that the degree of fertility, 
l)oth of first crosses and of hybrids, graduates from zero to per- 
fect fertility. It is surprising in how many curious ways this 
gradation can be shown; but only the barest outline of the 
facts can here be given. When pollen from a ])lant of one 
family is placed on the stigma of a plant of a distinct family, it 
exerts no more influence than so much inorganic dust. From 
this absolute zero of fertility, the pollen of different species of 
the same genus a])plicd to the stigma of some one of the 
species, yields a ])erfect gradation in the number of seeds pro- 
duced, up to nearly com])lcte or even quite complete fertility; 
and, as we have seen, in certain abnormal cases, even to an 
excess of fiu’fility, bej’ond tiiat which the jdant’s own pollen 
produces. So in hybrids themselves, there arc some which 
never have produced, and ]irobably never would jwoduci', even 
with the pollen of the pure ])arents, a single fertile seed : but 
in some of these cases a first trace of fertility ma}' be detected, 
l>y the ]iollcn of one of the pure parent-species causing the 
Mower of the hybrid to wither earlier than it otherwise would 
have done ; and the early withering* of the flower is well known 
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to be a sign of incipient fertilization. F rom tliis extreme degree 
of sterility wc liave self-fertilized hybrids producing a greater 
and greater number of seeds up to ])erfect fertility. 

Hybrids from two species wliicli arc veiy dillicult to cross, 
and which rarely produce anj’' otfspring, are generally very 
sterile; but the parallelism bctwe(*ii the dilliculty of making a 
first cross, and the sterility of the hybrids thus ])roduced — two 
classes of facts 'which are generally confounded together — is by 
no means strict. There are many cases, in which two pure 
species, ns in the genus Verbascum, can be united with un- 
usual facilil V, and jiroduce numerous hybrid-ofisju-ing, yet these 
hybrids arc remarkably sterile. On the other hand, there arc 
s])ecics which can be crossed very rarely, or with extreme dilli- 
culty, but the hybrids, when at last produced, arc very fertile, 
l^vcn within the limits of the same genus, for instance in Dian- 
thus, these two ojiposite cases occur. 

' The fertility, both of first crosses and of hybrids, is more 
easily aficctcd by unfavorable conditions, than is the fertility 
of pure species. But the degree of fertility is likcAvisc innately 
variable ; for it is not always the same Avhen the same two 
species arc crossed under the same circumstances, but depends 
in ])art upon the constitution of the individuals which happen 
to have been chosen for the experiment. So it is with liybrids, 
for their degree of fertility is often found to differ greatly in 
the several individuals raised from seed out of the same capsule 
and exposed to the same conditions. 

By the term systematic affinity is meant, the resemblance 
between species in structure and in constitution, more espe- 
cially in the structure of parts which arc of high physiological 
importance and which dilfer little in the allied species. Now 
the fertility of first crosses between species, and of the hybrids 
produced from them, is largely governed by their systematic 
alfinity. This is clearly shown by hybrids never having been 
raised between s})ccies ranked by systematists in distinct fami- 
lies ; and, on the other hand, by very closcly-allicd sjiccies gener- 
ally uniting with facility. But the correspondence between 
systematic afiinit}' and the facility of crossing is by no means 
strict. A multitude of cases could be given of very closely- 
allied species which will not unite, or only with extreme dilli- 
cult v; and, on the oth(*r hand, of very distinct species which 
unite with the utmost facility. In the same family there may 
be a genus, as Dianthus, in which very many specie's can most 
readily be crosse'd ; and another genus, as Silene, in which the 
1 1 
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most |)crsevcring* efforts have failed to produce between ex- 
tremely-closc species a single hybrid. Even within the limits 
of the same genus, we meet with this same difference ; for in- 
stance, the many species of Nicotiana have been more largely 
crossed than the species of almost any other genus ; but Gart- 
ner found that N. acuminata, which is not a ]iarticularly dis- 
tinct species, obstinately failed to fertilize, or to be fertilized 
by, no less than eight other species of Nicotiana. Many analo- 
gous facts could be given. 

No one has been able to point out what kind, or what 
amount, of difference in any recognizable character is sufficient 
to prevent two s]^ecies crossing. It can be sho^vn that plants 
most widely different in habit and general appearance, and 
having strongl}’-marked differences in every part of the flower, 
even in the pollen, in the fruit, and in the cotyledons, can be 
crossed. Annual and perennial plants, deciduous and ever- 
green trees, plants inhabiting different stations and fitted for 
extremely different climates, can often be crossed with ease. 

By a rccijirocal cross between two s})ecies, I mean the case, 
for instance, of a stallion-horse being first crossed with a fe- 
male-ass, and then a male-ass with a mare : these two species 
may then be said to have been reciprocal!}^ crossed. There is 
often the widest possible difference in the facility of making 
reciprocal crosses. Such cases are highly important, for they 
]:)rove that the capacity in any two species to cross is often 
completely independent of their systematic affinity, or of any 
difference in their whole organization, except in tlieir rejwo- 
(luctive systems. The diversity of result in reciprocal crosses 
between the same two species was long ago observed by Kol- 
reuter. To give an instance : Mirabilis jalapa can easily be 
fertilized by the ]iollen of ^I. longitlora, and the hybrids thus 
produced are sulliciently fertile ; but Kolrcutcr tried more than 
two hundred times, during eight following years, to fertilize 
reciprocally M. longitlora v» ith the ]iollen of ^I. jalapa, and 
utterly failed. Several other equally striking cases could be 
given. Thnret has observed the same fact with certain sea- 
weeds or Fuci. Gartner, moreover, found that this difference 
of facility in making reciprocal crosses is extremely common in 
a lesser degree, lie has observed it even between closely-re- 
lated forms (as ^Matthiola annua and glabra) which many bota- 
nists rank only as varieties. It is also a remarkable fad, that 
hybrids raised from recij)rocal crosses, though of course com- 
pf)imd('d of tiu' very same two species, the one .‘Species having 
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first been used as the fatlier and then as the inollier, tliougli 
they rarely diller in external characters, yet [generally diilcr in 
fertility in a small, and occasionally in a hioh degTce. 

Several other singular rules could be given iVoin Gartner ; 
for instance, some species have a remarkable power of crossing 
with other species ; other sj^ecies of tlie same genus have a re- 
markable power of impressing their likeness on their hybrid 
olfspring ; but these two ]iowers do not at all necessarily go 
together. There are certain hybrids which, instead of having, 
as is usual, an intermediate character between their two par- 
ents, always closely resemble one of tliem ; and such hybrids, 
though externally so like one of their pure parent-species, arc 
with rare cxee])tions extremely sterile. So again among hy- 
brids which are usuall}" intermediate in structure between their 
parents, excejdional and abnormal individuals sometimes are 
born, which closely resemble one of their pure parents; and 
these hybrids are almost always utterly sterile, even when the 
other hybritls raised from sccil from tlic same capsule have a 
considerable degree of fertility. These facts show how coin- 
])lctely fertility in the hybrid is independent of its external 
resemblance to either ]nire parent. 

Considering the several rules now given, which govern the 
fertility of first crossed and of hybrids, we sec that wlicn forms, 
which must be considered as good and distinct species, are 
united, tlieir fertility graduates from zero to perfect feilility. 
nr even to fertility under certain conditions in excess ; that 
their fertility, besides being eminently susceptible to favorable 
and unfavorable conditions is innately variable ; that it is by 
no means always the same in degree in the first cross and in 
the lu'brids jn’othiced from this cross ; that the fertility of hy- 
brids is not related to the degree in which they resemble in 
external appearance cither parent; and, histlj^, that the facili- 
ty of making a first cross between any two sjiecies is not al- 
ways governed by their systematic ailinity or degree of re- 
semblance to each other. This latter statement is clearly 
proved by the diirerence in the result of reciprocal crosses l)e- 
Iwecn the same two species, for, according as the one species 
or tlic other is used as the father or the mother, there is gen- 
erally some dilTercnce, and occasionally the widest possible dif- 
ference, in the facility of effecting a union. The hybrids, more- 
over, produc(‘d from reciprocal crosses often difler in fertility. 

Now do thc.se complex and singular rules indicate that s])e- 
cics have becMi endowed with sterility simply to prevent their 
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bccoinin;[r confouiKletl in nature? I think not. For Avliy 
should tlic sterility l)e so extremely dilTercnt in degree, Avhen 
various s])ecies are crossed, all of Avhich wo must su]:)pose it 
would l)e equally important to keep from blending together? 
Wliy should the degree of sterility be innately variable in the 
individuals of the same species ? AVliy should some species 
cross with facility, and yet produce very sterile 113’brids ; and 
olhcr species cross with extreme diHicultv, and yet produce 
fairl}" fertile hybrids ? Wh}^ should there often be so great a 
dinerence in the result of a reciprocal cross between the same 
two s]-)ccics ? Wh}^, it may even be asked, has the production 

of hybrids been permitted ? To gTant to species the special 
jiower of ]n*odiicing h}"brids, and then to stop their further 
])ropagation bydilferent degrees of sterility", not stiictl}^ related 
to the facility of the lirst union between their parents, seems a 
strange arrangement. 

The foregoing rules and facts, on the other hand, appear to 
me clcarlv to indicate that the sterility both of first crosses 
and of hybrids is simpl}^ incidental or dependent on unknown 
differences in their re}iroduetive systems; the dilferenccs being 
of so peculiar and limited a nature, that, in reciprocal crosses 
between the same two species, the male sexual element of the 
one will often freely act on the female sexual element of the 
other, but not in a reversed direction. It will be advisable to 
c“xplain a little more fully by an example Avhat I mean by ster- 
ility being incidental on other dilferenccs, and not a specially- 
endowed quality. As the capacity of one plant to be grafted 
or budded on another is so unimportant for its welfare in a 
state of nature, I presume that no one will suppqsc that this 
capacity is a specially endowed qualit}% but will admit that it 
is incidental on diflercnccs in the laws of growth of the two 
plants. We can sometimes see the i cason why one tree will 
not take on another, from differences in their rate of growth, 
in the hardness of their wood, in the period of the flow or na- 
ture of their sap, etc. ; but in a multitude of cases we can as- 
sign no reason whatever. Great diversity" in the size of two 
plants, one being wood}’- and the other herbaceous, one being 
evergreen and the other deciduous, and adaptation to widely- 
difierent climates, do not alwa^’S prevent the two grafting to- 
gether. As in hybridization, so with grafting, the cajxicily is 
limited ly systematic alTinity, for no one has be^m able to graft 
trc('s together belonging to quite distinct families: and, on the 
other hand, closely-allied species, and varieties of the same 
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specie's, erm usually, but not invariably, be g’rafted wntli ease. 
Jbit this capacity, as in hybridization, is by no means absolute- 
ly g-overned by sj'stematic allinity. Although many distinct 
g’oncra within the same famil}' liavc been grafted together, in 
otlier cases species of the same genus will not take on each 
other. The pear can be grafted far more readily on the 
(piiiice, which is ranked as a distinct genus, than on the aj:>ph', 
wliich is a member of the same genus. Even diiferent varieties 
of the ])car take with ditrercut degrees of facility on the 
([uince; so do diiferent varieties of the apricot and peach on 
certain varieties of the ]dum. 

As Gartner found tliat there was sometimes an innate dif- 
f(Tcncc in diiferent individuals of the same two sjiccies in 
crossing ; so Sngerct believes this to be the case with different 
individuals of the same two species in being grafted together. 
As in reciprocal crosses, the facility of effecting a union is 
often verj^ far from erpial, so it sometimes is in grafting; the 
coinnion gooseberry, for instance, cannot be grafted on the cur- 
rant, 'whereas the currant will take, though with difiieulty on 
the gooseberry. 

We have seen that the sterility of hybrids, which have 
their reproductive organs in an imperfect condition, is a tlilfcr- 
ent case from the difiieulty of uniting two ]mre s[)ccics, which 
have their reproductive organs perfect; yet these two distinct 
cases run to a certain extent parallel. Something analogous 
occurs in grafting ; for Thouin found that three species of Ito- 
binia, which seeded freely on their own roots, and which could 
he grafted with no great difficulty on another species, when 
thus grafted were rendered barren. On the other hand, cer- 
tain species of Sorbus, when grafted on other species, yielded 
twice as much fruit as when on their own roots. Wo are re- 
minded by this latter fact of the extraordinary cases of Hip- 
jieastriim, Passillora, etc., which seed much more freely wlu'ii 
fertilized with the ])ollen of a distinct species, than when fer- 
tilized with pollen from the same ]ilant. 

Wo thus see, that, although there is a clear and great dif- 
fenuice biff ween the mere adhesion of grafted stocks, and the 
union of the male and female elements in the act of reproduc- 
tion, yet that there is a rude degree of parallelism in the re- 
sults of grafting and of crossing distinct specie's. And as we 
must look at the curious and coinjdex laws governing the 
facility with which trees can be grafted on each other as inci- 
dental on unknown iliffcrenccs in their vegetative systems, so 
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I believe that the still more complex laws ^overniner the facili- 
ty of first crosses are incidental on unknown diHercnces in 
tlioir reproductive systems. These dKTcrcnces, in both cases, 
follow to a certain extent, as might have been expected, sys- 
tematic afTinity, by which every kind of resemblance and dis- 
similarity between organic beings is attcinjded to be ex- 
pressed. Tlie facts b}’ no means seem to me to indicate that 
the greater or lesser difficulty of cither grafting or crossing va- 
rious s])ecies has been a special endowment ; although in the 
disc of crossing, the difficulty is as important for the endur- 
ance and stability of specific forms, as in the case of grafting it 
is unimportant for their welfare. 

Oi'lfjin and Causes of the SterUlty of First Crosses and of 
Hybrids, 

At one time it appeared to me probable, as it has to others, 
that the sterility of first crosses and of hybrids might have 
])ccn slowly acquired through the natural selection of slightly- 
lessened degrees of fertility, which spontaneously appeared, 
like any other variation, in certain individuals of one variidy 
when crossed with another variety. For it would clearly be 
advantageous to two varieties or incipient species, if they could 
be kept from blending, on the same principle that, when man 
is selecting at the same time two varieties, it is necessary that 
he should keep them separate. In the first ]dace, it may be 
remarked that distinct regions are often inhabited by groups 
of species and by single species, which, when brought together 
and crossed, arc found to be more or less sterile ; iioav it could 
clearly have been of no advantage to such separated species to 
liavc been rendered mutually sterile, and consequently this 
could not have been cfTected through natural selection ; but it 
may j^erhaps be argued that, if a species were rendered sterile 
with some one compatriot, sterility with other species would 
follow as a necessary eontiiigcncy. In the second ])lace it is 
almost as much opposed to the theory of natural selection as 
to that of special creation, that in reciprocal crosses the male 
element of one form should be rendered utterly impotent on a 
second form, while at the same time the male element of this 
second form is enabled freely to fertilize the first form ; for tliis 
peculiar stale of the reproductive system could not possibly be 
advantageous to cither s])eeies. 

In considering the ])robabilit v of natural selection having 
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come into action, in rendering species miHually sterile, one 
great clifiiculty will be found to lie in the existence of many 
graduated steps from slightly-lessened fertility to absolute 
sterility. It may be admitted, on the principle above ex* 
jdained, that it would jirofit an incipient species if it were 
rendei-cd in some slight degree sterile when crossed with its 
]7arent-fonn or with some other variety; for thus fewer bas- 
tardized and deteriorated otlsjiring would be produced to com- 
mingle their blood with the new species in process of forma- 
tion. Hut he who will take the trouble to rellcct on the steps 
by which this first degree of sterility could be increased through 
natural selection to that high degree which is common with so 
many sjiecics, and which is universal with sjieeies which have 
l)cen diflerentiated to a generic or family rank, will find the 
subject extraordinaril}^ complex. After mature rellcction it 
seems to me that this could not have been eflccted through 
natural selection ; for it could have been of no direct advantage 
to an individual animal to breed badly with another iuditudual 
of a dillerent variety, and thus to leave few offspring; conse- 
quently such individuals could not have been preserved or se- 
lected. Or take the case of two species which, in their present 
state when crossed, produce few and sterile offspring ; now, 
what is there which could favor the survival of those individuals 
'which happened to be endowed in slightly-higher degree Avith 
mutual infertility, and which thus approached by one small step 
toward absolute sterility? Yet an advance of this kind, if the 
theory of natural selection be brought to bear, must have in- 
cessantly occurred Avith many species, for a multitude are mutu- 
ally quite barren. AVith sterile neuter insects avc have reason 
to belieA'c that modifications in their structure and fertility have 
been slowly accumulated by natural selection, from an advan- 
tage having been thus indirectly giA'cn to the community to 
Avhich they belonged over other communities of the same spe- 
cies; but an individual animal not belonging to a social com- 
munity, if rendered slightly sterile Avhen crossed Avith some 
other variety, Avould not thus itself gain any advantage or in- 
directly give any advantage to the other individuals of the 
same A’ariety, thus leading to their ]7rescrvation. From tliesi* 
considerations I infer, as far as animals are concerned, that the 
various degrees of lessened fertility Avhich occur with s])ccies 
when crossed cannot have been slowly accumulated by means 
of natural selection. 

With plants, it is possible that the case may be somewhat 
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different. With many kinds, insects constantly cjirry |x>llcn 
from iiei”hbonn2^ plants to the slii^mas of each flower; and 
witli some sj^ccies this is efleclcd by the wind. Now, if the 
jiollen of a variety, when deposited on the stip;-ma of tlie same va- 
riety, should become by spontaneous variation in ever so slight a 
degree prepotent over the ])ollcn of other varieties, this would 
certainly be an advantage to the variety; for its own ]x>11(mi 
would thus obliterate the eflects of the pollen of other varieties, 
and prevent deterioration of character. And the more pro- 
jjolent the variety’s own pollen could be rendered through nat- 
ural selection, the greater the advantage would be. We know 
from tlie researclies of Gartner that, with sjXJcies which arc 
mutually sterile, the ])ollen of each is always prepotent on its 
own stigma over that of the other species; but we do not 
know whether this prepotency is a consequence of the mutual 
sterility, or the sterility a consequence of the prepotency. If 
the latter view be correct, as the prepotency became stronger 
through natural selection, from being advantageous to a spe- 
cies in process of formation, so the sterility consequent on pre- 
potency would at the same time be augmented; and the iinal 
result would be various degrees of steiility, such as occurs with 
e.visting species. This ^'iew might be extended to animals, if 
the female before each birth received several males, so that the 
sexual clement of the prepotent male of her o^vn variety ob- 
literated the effects of the access of previous males belonging 
to other varieties, but we have no reason to believe, at least 
with terrestrial animals, that this is the case; as most males 
and females pair for each birth, and some few for life. 

On the whole we may conclude, that with animals the ster- 
ilit}^ of crossed species has not been slowl}' augmented, through 
natural selection; and as this sterility follows the same general 
taws in the vegetable as in the animal kingdom, it is improba- 
ble, thoug’h apparently possible, that with plants crossed spe- 
cies should have been rendered sterile by a different process. 
J^'rom this consideration, and remembering that species which 
have never coexisted in the same conn tr}g and Avhich therefore 
could not have received any advantage from having been ren- 
dered mutually infertile, yet are generally sterile when crossed ; 
and bearing in mind that in reciprocal crosses between the 
same two species there is sometimes the widest difierence in 
their sterility, we must give u]) the belief that natural selection 
has come into play. AVe are thus driven to our former pro]> 
osition, namely, that the sterility of first crosses, and indi- 
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rcclly of liybritls, is simply incidental on unknown diircrcnees 
in tlie reprothictive systems of the parcnt-specics. 

AVc may now tiy and look a little closer at tlic probable 
naliirc of these dilVerences, which induce sterility in lirst crosses 
and in hybrids. Pure species and hybrids dlllcr, as already re- 
marked, in the state of their reproductive organs; but from 
what will presentl}^ hdlow on recijirocally dimorphic and tri- 
morphic ])lants, it would apjicar as if some unknown bond or 
law existed, which causes the young from a union not fully 
fertile to be thcinsclves more or less infmtile. 

In the case of first crosses between pure species, the greater 
or less dilliculty in eflbcting a union and in obtaining oHspring 
aj)parently depends on several distinct causes. There must 
sometimes be a ]diysical impossibility in the male element reach- 
ing the OMile, as would be the case A\nth a plant having a pistil 
too long for the ]iollen-tubcs to reach the ovarium. It has also 
heen observed that when pollen of one species is placed on the 
stigma of a distantly-allied species, though the pollcn-tnbcs 
protrude, they do not penetrate the stigmatic surface. Again, 
the male element may reach the female element, but be inca- 
pable of causing an embryo to be developed, as seems to have 
been the case with some of Thuret’s experiments on Fiici. No 
cxidanation can be given of these facts, any more than wh}" 
certain trees cannot be grafted on others. Lastly, an embryo 
may be developed, and then perish at an early ])criod. This 
hitter alternative has not been suHiciently attended to ; but I 
believe, from observations communicated tome by Mr. Hewitt, 
who has had great ex])cricnce in hybridizing ])heasants and 
fowls, that the early death of the embryo is a veiy frequent 
cause of sterility in first crosses. ?.Ir. Salter has recently given 
the results of an examination of about 500 eggs produced from 
various crosses bi'tween three sjiecies of Gallus and their hy- 
brids ; the majority of these eggs had been fertilized; and in 
the majority of the fertilized eggs, the embryos cither had been 
partially devch)])cd and had then aborted, or had become nearly 
matun*, but the young chickens had been unable to break 
through the shell. Of the chickens which were born, more than 
four-ilfths died within the first few days, or at latest w<‘cks, “ with- 
out any obvious cause*, iipparently from mere inability to live;” 
so that from the 500 eggs only twelve chickens were reared. 
The early d(*ath of hybrid embr 3 'os jirobabl}' occurs in like 
manner with plants; at least it is known that hybrids raised 
from ver}" distinct species are sometimes weak and dwarfed, 
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and perish at an early aoc; of which fact Max AViclnira has 
recently given some striking cases with hybrid willows. It 
may lie here worth noticing that in some cases of partheno- 
genesis, embryos jirodnccd from the eggs of silk-moths, which 
had not ])cen fertilized, passed through their early stages of 
development and then iierislied like the embryos produced by 
a cross between two distinct species. Until becoming ac- 
quainted with these facts, I was unwilling to believe in the fre- 
(liicnt early death of hybrid embryos; for hj’brids, when once 
l)orn, arc generally healthy and long-lived, as we see in the 
case of the common mule. Hybrids, however, are difTcrcntly 
circumstanced before and after Ihrth : when born and living in 
a country where their two parents live, they arc generally 
placed under suitable conditions of life. But a hybrid partakes 
of only half of the nature and constitution of its mother, and 
therefore before birth, as long as it is nourished within its 
mother’s womb, or within the egg or seed produced by the 
mother, it may be exposed to conditions in some degree unsuit- 
able, and consequently be liable to perish at an carl}' period ; 
more especially as all very young beings arc eminently sensitive 
to injurious or unnatural conditions of life. But, after all, the 
cause more ]U‘obably lies in some imperfection in the original 
act of impregnation, causing the embryo to be imperfectly 
developed, rather than in the conditions to which it is subse- 
quently exposed. 

In regard to the sterility of hybrids, in which the sexual ele- 
ments arc imperfectly developed, the case is dilferent. I have 
more than once alluded to a large body of facts, which I have 
collected, showing that, when animals and plants are removed 
from their natural conditions, they are extremely liable to have 
tlnur reproductive systems seriously a ITected. This, in fact, is 
the great bar to the domestication of animals. Between the 
sterility thus superinduced and that of hybrids, tlierc arc many 
points of similarity. In both cases the sterility is independent 
of general health, and is often accomiianicd by excess of size 
or great luxuriance. In both cases the sterility occurs in vari- 
ous degrees; in both, the male clement is the most liable to 
be afVcctcd ; but sometimes the female more than the male. In 
both, the tendency goes to a certain extent with systematic 
allinity, for whole groups of animals and plants arc rendered 
impotent liy the same unnatural conditions; and whole groups 
of species tend to produce sterile hybrids. On the other hand, 
one species in a grouji will sometimes resist great changes of 
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conditions witli iinimj)airecl fertility; and certain species in a 
group will produce unusually fertile hybrids. No one can tell, 
till he tries, wliether any particular animal will breed under 
conlineinent, or any exotic plant seed freely under culture ; nor 
can he tell, till he tnes, whetlier any two species of a genus 
will ])rodiico more or less sterile hybrids. Lastly, when organic 
beings are ])laccd during several generations under conditions 
not natural to them, they arc extremely liable to vary, which 
seems to be ])artly due to their reproductive systems having 
been specially alTected, though in a lesser degree than when 
sterility ensues. So it is with hybrids, for their offspring in 
successive generations arc eminently liable to vary, as every 
experimentalist has observed. 

Tims we see that when organic beings are placed under new 
and unnatural conditions, and when hybrids arc produeetl by 
tlic unnatural crossing of two species, the reproductive system, 
independently of the general state of health, is affected by 
sterility in a very similar manner. In the one case, the condi- 
tions of life have been disturbed, though oftcit in so slight a 
degree as to be inappreciable by us ; in the other case, or that 
of hvbrids, the external conditions have remained the same, 
but the organization has been disturbed by two ditlcrent struct- 
ures and constitutions having been blended into one. For it 
is scarcely possible that two organizations should be com- 
jioundcd into one, without some distinbancc occurring in the de- 
velopment, or periodical action, or mutual relations of the differ- 
ent parts and organs one to another or to the conditions of life. 
AVlien hybrids arc able to breed inter they transmit to their 
offspring from generation to generation the same compounded 
organization, and hence we need not be surprised that their 
.sterility, tliough in some degree variable, docs not diminish ; it 
is even a]^t to increase, tin's being generally the result, as before 
explained, of too close intcrljrceding. The above view of the 
sterility of hybrids being caused by two different constitutions 
being confounded into one, has lately been strongly maintained 
by Max 'Wichiira ; but it must be owned that the sterility (as 
will be immediately exjdained) which affects the oflsjwing of 
dimorphic and triinorphic jdant.s, when individuals belonging 
to the same form are united, makes this view rather doubtful. 
It should, however, be borne in mind that the sterility of tliese 
]dants has been aecpiired for a special purpose, and may differ 
in origin from that of hybrids. 

It must be owned that we cannot understand, on the above 
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or any other view, several facts witli respect to tlic sterility of 
hybrids ; for instance, the uncc|ual fertility of hybrids ])rodueed 
from reciprocal crosses; or the increased stcrilit}’ in tliose hy- 
brids whieh oceasionally and exceptionally resemble closely 
cither pure j^arent. Nor do I jiretend that the forci^oing re- 
marks go to the root of the matter; no explanation is ofl'ered 
why an organism, when ])laced under unnatural conditions, is 
rendered sterile. All tliat I have attempted to show is, that 
in two cases, in some respects allied, sterility is the common 
result — in the one ease from the conditions of life having been 
disturbed, in the other case from the organization or constitu- 
tion having been tbsturbed by two organizations being com- 
pounded into one. 

A similar ])arallelism apparently extends to an allied yet 
very different class of facts. It is an old and almost universal 
belief, foimded on a considerable body of eWdence, that slight 
changes in the conditions of life are beneficial to all living 
things. We sec this acted on by farmers and gardeners in 
their frequent exchanges of seed, tubers, etc., from one soil or 
climate to another, and back again. During the convalescence 
of animals, great benefit is derived from almost any cliange in 
the habits of life. Again, botli with plants and animals, there 
is abundant evidence that a cross between indmduals of tlie 
same species, which differ to a certain extent, gives vigor and 
fertility to the olfsiiring; and that close interbreeding con- 
tinued during several generations between the nearest rela- 
tions, especially if these be kept under the same conditions of 
life, almost always induces weakness and sterility. 

lienee it seems that, on the one hand, slight changes in the 
conditions of life benefit all organic beings, and, on the other 
hand, that slight crosses, that is, crosses between the males and 
females of the same species, which have varied and become 
slightly different, give vigor and fertility to the offspring. But 
we have seen that greater changes, or changes of a ])articular 
nature, often render organic beings in some degree sterile; 
and that greater crosses, tliat is, crosses between males and 
females which have become widely or specifically different, 
produce hybrids which are generally sterile in some degree. 
I cannot persuade myself that this parallelism is an accident 
or an illusion. Both scries of facts seem to be connected to- 
gether by some common but unknown bond, which is essen- 
tially related to the principle of life ; this ])rinci]>lc a])parciitly 
being that life, as Mr. Herbert Spencer has remarked, dejDcnds 
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(HI, or consists in, llie incessant action and reaction of various 
forces, wliicli, as tliroup^lioiii Xatiire, are always tending toward 
an eqnilihriuin ; and when this tendency is sli^litlj" disturbed 
by any change, tlie vital forces apparently gain in ])Ower, 

llcclprooul Dimorphism and Trhnorphlsm, 

This subject may be here briefly discussed, and will ]>e 
found to throw sonic liglit on hybridism. Several plants belong- 
ing to distinct onh'rs jircsent two forms, which exist in about 
equal numbers, and which dilTer in no rcs])ect except in their 
re])roductive organs ; one form having a long pistil with short 
stamens, the otlier a short pistil with long stamens; both with 
diHerently-sized ])ollen-grains. With trimorphic plants there 
are tlircc forms likewise ditTering in the lengths of their pistils 
and stamens, in tlie size and color of the jjollcn-grains, and in 
some other respects; and as in each of the three forms there 
are two sets of stamens, there arc altogctlicr six sets of sbiniens, 
and three kinds of pistils. These organs are so jwoportioned 
in length to each other, tliat, in any two of the forms, half the 
stamens in (^ach stand on a level with the stigma of the third 
fonn. Now I have shown, and the result has been confirmed 
by other observers, that, in order to obtain full fertility with 
these ])laiits, it is necessary that the stigma of the one form 
siionld be fertilized by pollen taken from the stamens of corre- 
sj^onding height in the other form. So that with dimorphic 
species two unions, which may be called legitimate, arc fully 
fertile; and two, which ma}' be called illegitimate, are more 
or less infertile. AN'ith trimor]diic s])ccies six unions arc legiti- 
mati‘ or fully fertile’, and twelve arc illegitimate or more or 
less infertile. 

The infertility which may be observed in various dimoqdiic 
and trimorphic ])lants, when they are illegitimately fertilized, 
that is, by ]i()llcn taken from stamens not corres])onding in 
h(’ight with the pistil, dilTers much in degree, u]) to abs(dute 
and utter sterility ; just in the same manner as occurs in cross- 
ing distinct species. As the degree of sterility in the latter 
case depends in an emiumit degree on the conditions of life 
being more or less favorable, so 1 have found it with illegitimate 
unions. It is W(‘ll known that if ])ollen of a distinct species 
b(‘ i)laced on the stigma of a flower, and its own j)olIen be 
afterward, ev(‘u after a considerable interval of time, ])laecd on 
the same stigma, its action is so strongly prej)otent that it 
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generally aimiliilates the elTect of the foreign i)ollen ; so it is 
witli the jDolleii of tlie several forms of the same speeies, for 
legitimate pollen is strongly prepotent over illegitimate pollen, 
when both are ])laced on the same stigma. I ascertained this 
by fertilizing several llowcrs, first illegitimately and twenty- 
four hours afterward legitimately, with ])ollcn taken from a 
peculiarlj'-colorcd variety, and all the seedlings were similarly 
colored; this shows tliat the legitimate pollen, though applied 
twenty-four hours subsequently, had wholly destroyed or ]irc- 
vented the action of the previously-applied illegitimate pollen. 
Again, as in making reciprocal crosses between the same two 
s])ccics, there is occasionally a great dilferencc in the result, so 
the same thing occurs with trimorphic plants; for instance, 
the mid-stylcd form of Lythruni salicaria was illegitimately 
fertilized with the greatest ease by pollen from the longer sta- 
mens of the short-styled form, and yielded many seeds ; but 
the latter form did not yield a single seed when fertilized by 
the longer stamens of the mid-stylcd form. 

In all these respects and in others which might have been 
adduced, the forms of the same undoubted species when ille- 
gitimately united behave in exactly the same manner as do two 
distinct si)ccics when crossed. This led me carefully to ob- 
serve during four years many seedlings, raised from several 
illegitimate unions. The chief result is that these illegitimate 
plants, as they may be called, are notfullv fertile. It is possi- 
l)lc to raise from dimorphic species both long-styled and short- 
styled illegitimate plants, and from trimorphic plants all three 
illegitimate forms ; these can then be properly united in a le- 
gitimate manner. AVhen this is done, there is no apparent 
reason why they should not yield as many seeds as did their 
parents when legitimately fertilized. But such is not the case ; 
they arc all infertile, but in various degrees; some being so 
utterly and incurably sterile that they did not yield during 
four seasons a single seed or even seed-capsule. The sterility 
of these illegitimate plants, when united with each other in a 
legitimate manner, may be strictly compared with that of hy- 
brids when crossed inter sc, AVhen on the other* hand a hybrid 
is crossed with cither pure parent-species, the sterility is usu- 
ally much lessened: and so it is when an illegitimate plant is 
fertilized by a legitimate jdaut. In the same uianner as the 
sterility of hybrids docs not always run parallel with the dilli- 
culty of making the first cross between the two parent-species, 
so the sterilily of certain illegitimate jdants was usually great. 
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while the sterility of the union from which they were derived 
was by no means great. AVith hybrids raised from the same 
seed-eajisule the degree of sterility is innately variable, so it 
is in a marked manner with illegitimate plants. Lastly, many 
hybrids arc profuse and persistent flowerers, while other and 
more sterile hybrids produce few flowers, and arc weak, miser- 
able dwarfs; exactly similar cases occur uith the illegitimate 
ofl’spring of various diinordhic and trimorphic ]dants. 

Altogether there is the closest identity in character and be- 
havior between illegitimate plants and liybrids. It is hardly 
an exaggeration b) maintain that the former arc hybrids, but 
produced within the limits of the same species by the improper 
union of certain forms, Avhilc ordinary hybrids arc produced 
from an im])roper union between so-called distinct species, 
AVe have also alrcad\^ seen that there is the closest similarity in 
all respects between first illegitimate unions and first crosses 
between distinct species. Tliis will perhaps be made more 
fully ajiparent by an illustration : we may suppose that a bot- 
anist found two well-marked varieties (and such occur) of the 
long-styled form of the trimorphic Lythriim salicaria, and that 
he determined to try by crossing whether they were specifi- 
cally distinct. He would find that they yielded only about one- 
fifth of the proper number of seed, and that they behaved in all 
the other above-sjiecified respects as if thc}^ had been two dis- 
tinct species. Ikit to make the case sure, he would raise plants 
from his su])posed h3^bridized seed, and he would find that the 
seedlings were miserably dwarfed and uttcrl}" sterile, and that 
thc}^ behaved in all other respects like ordinary hjLrids. He 
might then maintain that he had actunll}' proved, in accordance 
with the common view, that his two varieties were as good 
and as distinct species as an}' in the world ; but he would be 
cnmidctcly mistaken. 

The facts now given on dimorphic and trimorphic plants 
an' important, because they show us, first, that the jdiysiologi- 
cal test of less('iied fertility, both in first crosses and in hybrids, 
is no safe crit(*rion of specilic distinction ; secondly, because we 
may conclude that there is some unknown bond which connects 
the inf'rtility of illegitimate unions with that of their illegiti- 
mate ofTspring, and we are led to extend the same view to lirst 
crosses and hybrids ; thirdly, b(*causc we find, and this seems 
to me of especial imjiortance, that two or three forms of the 
same species may exist and may difler in no n'sj^cct, except in 
their rejiroductive organs, and yet be sterile when united in 
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certain ways. With (limor])liic j^hants, the unions between the 
two distinct forms arc alone quite fertile, and ])rodiicc quite 
fertile ofl'sprin^, while unions between individuals belonpr-ino 
to the same form arc more or less sterile ; so that the result is 
exactly the reverse of what occurs with distinct si)ccics. With 
dimorphic plants the resultant sterility is quite independent of 
aii}^ diflcrencc in general structure or constitution, for it arises 
from the union of individuals belonging not onl}’ to the same 
species, but to the same form. It must, therefore, depend on 
the nature of the sexual elements, which are so adapted to each 
other, that the male and female elements occurring in the same 
form do not suit each other, while those occurring in the two 
distinct forms are mutually suited to each other. From these 
considerations, it seems probable that the sterility of distinct 
species when crossed, and of their hybrid progeny, depends ex- 
clusively on the nature of their sexual elements, and not on 
any general difference in structure or constitution. We are, 
indeed, led to this same conclusion by considering reciprocal 
crosses, in which the male of one species cannot be united, or 
can be united with great dilliculty, with the female of a sec- 
ond species, while the converse cross can be effected with per- 
fect facility; for this difference in the facility of making recip- 
rocal crosses and in the fertility of their offspring must be at- 
tributed either to the male or to the female element in the first 
sjiecics having been differentiated, with reference to the sexual 
elements of the second species in a higher degree than in the 
converse case. That excellent observer, Gartner, likewise 
came to this same conclusion, namely, that species when 
crossed are sterile owing to differences confined to their reju’o- 
ductivc systems. 



FtriiUtu of Miirktks ichen crossed^ and of their Mongrel 

Ojfsprlng, 

It may be urged, as an overwhelming argument, that there 
must be some essential distinction between species and varie- 
tie.s, inasmuch as the latter, however much they may differ 
from each other in external a]:>pearanco, cross with perfect facil- 
ity, and yield perfectly fertile offspring. With some excep- 
tions, presently to be given, I fully admit that this is the rule. 
But the subject is surrounded by difiiculties, for, looking to ^■a- 
rietics, produced under nature, if two forms hitherto re]nitcd to 
be varieties be found in any degree sterile together, they are 
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at once ranked hy most naturalists as species. For instance, 
tlie blue and red piniperind, wliicli arc considered by most bot- 
anists as varieties, are said b}" Gartner not to be quite fertile 
wlien crossed, and he conse([uently ranks them as \mdoubtcd 
sj)ccics. If wc thus ar^^uc in ;i circle, the fertility of all varie- 
ties ])roduccd under nature will assuredly have to lic granted. 

If we turn to varieties, produced, or supposed to have been 
j)roduced, under domestication, we arc still involved in doubt. 
For when it is stated, for instance, that the German Spitz dog 
(Tosses more easily with the fox than do other dogs, or that 
C'Ttain South American indigenous domestic dogs do not 
readily unite with European dogs, tlic explanation which will 
o-'cnr to every one, and jirobaldy the true one, is, that these 
dogs are descended from aboriginally distinct species. Xever- 
theless the perfect fertility of so many domestic varieties, dif- 
fering widely from each other in appearance, for instance those 
of ‘the pigeon, or of the cabbage, is a remarkable fact; more 
especially when we reflect how many s])ccics there are, which, 
though resembling each other most closely, are utterly sterile 
when intercrossed. Several considerations, however, render 
the fertilitv of domestic varieties less remarkable. In the first 
place, it may be observed that the amount of external difler- 
cnee l)ctween two sj)ccics is no sure guide to their degree of 
mutual sterility, so that similar dillcrcnccs in the case of vari- 
eties would be no sure guide. It is almost certain that with 
cspccics the cause lies exclusively in difTerenccs in their sexual 
constitution. Now the conditions to 'which domesticated ani- 
mals and cultivated plants have been subjected, have Iiad so 
little tendency toward modifying the reproductive system in a 
maimer h'ading to mutual sterility, that we have good grounds 
for admitting tlie directly opposite doctrine of Pallas, namely, 
that sucli conditions generall}" eliminate this tendency; so that 
tin; domesticated descendants of species, which in their natural 
state would have been in some degree sterile when crossed, 
become jierfectly fertile together. W^ith plants, so far is cul- 
tivation from giving a tendency toward sterility between dis- 
tinct sjiecies, tliat in several well-authenticated cases already 
alluded to, certain ])lants have been atfeeted in an opposite 
manner, for they have biicome self-impotent, while still retain- 
ing the capacity of fertilizing and being fertilized by, otlnn* 
species. If the Pallasian doctrine of the elimination of sterility 
tliroiigh long-continued domestication be admitted, and it can 
hardly be rejected, it becomes in the higln'st degree imj)rob- 
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able tlmt similar circumstances should both induce and elimi- 
nate the same tendency; though in certain eases, with species 
having a peculiar constitution, sterility might occasionally be 
thus induced. Tims, as I believe, we can understand why with 
domesticated animals varieties have not been produced which 
are mutually sterile ; and why with plants only a few such 
cases, immediately to be given, have been observed. 

The real dillicnlty in our present subject is not, as it ap- 
j)cars to me, why domestic varieties have not become mutually 
infertile when crossed, but why this has so generally occuned 
with natural varieties as soon as they have been modified in a 
sullicicnt and permanent degree to take rank as species. "We 
are far from precisely knowing the cause ; nor is this surpris- 
ing, seeing hovr profoundly ignorant we arc in regard to the 
normal action of the reproductive system. But we can see that 
species, owing to their struggle for existence with numerous 
competitors, must have been exposed to more uniform condi- 
tions during long periods of time, than have been domestic 
varieties ; and this may well make a wide difierenee in the re- 
suh. For we know how commonly wild animals and plants, 
when taken from their natural conditions and subjected to cap- 
tivity, are rendered sterile; and the reproductive functions of 
organic beings, which have always lived and been slowly mod- 
ified under natural conditions, would probably in lil^e manner 
be eminently sensitive to the influence of an unnatural cross. 
Domesticated productions, on the other hand, which, as shown 
by the mere fact of their domestication, were not originally 
highl}' sensitive to changes in their conditions of life, and 
wiiich can now generally resist with undiminished fertility 
repeated changes of conditions, might be expected to produce 
varieties, which would be little liable to have their reproduc- 
tive powers injuriously afTcctcd by the act of crossing with 
other varieties which had originated in a like manner. 

I have as yet sjiokcn as if the varieties of the same sjmeies 
were invariably fertile when intercrossed. But it is impossible 
to resist the evidence of the existence of a certain amount of 
sterility in the few following eases, Avhich I will briefly abstract. 
The evidence is at least as good as that from which we believe 
in the sterility of a multitude of sj^ccies. The evidence is, also, 
derived from hostile witnesses, who in all other eases consider 
fertility and sterility as safe critci’ions of specific distinction. 
Gartner kept during several years a dwarf kind of maize with 
yellow seeds, and a tall variety with red seeds growing neat 
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each otlicr in his ^-<11x1011 ; and nltlioiigli these ])lants have 
separated sexes, they never naturally crossed. lie then fertil- 
ized thirteen ilowers of the one witli the pollen of the other; 
but only a single head ])roduced any seed, and this one head 
produced oidy live grains. 'Manipulation in this case could not 
have been injurious, as the ]dants have separated sexes. Xo 
one, I believe, has suspected that these varieties of maize are 
distinct species ; and it is ijnj)ortant to notice tliat the hybrid 
jdants thus raised ^ve^c thcniselves 2)€rj€ctlf/ fertile; so that 
even Gartner did not venture to consider the two varieties as 
spccificallv distinct. 

Giron de Ihizareingues crossed tliree varieties of gourd, 
which, like the maize, lias separated sexes, and he asserts that 
their mutual fertilization is by so mucli the less easy as their 
ditlercnces are greater, llow far these experiments may be 
trusted, I know not ; but the forms experimented on are 
rapked hy Sageret, who mainly founds liis classilication by the 
test of infertility, as varieties; and Naudin has conic to the 
same conclusion. 

The following case is far more remarkable, and seems at 
first quite incredible ; but it is the result of an astonishing 
number of experiincnts made during many years on nine spe- 
cies of Verliascnin, by so good an observer and so hostile a 
witness as Gartner; namely, that the yellow and white varie- 
ties 'when crossed ])roducc less seed than the similarly-colored 
varieties of tlic same sjiecies. Moreover, he asserts tliat, when 
yellow and white varieties of one species arc crossed with yel- 
low and white varieties of a distinct species, more seed is pro- 
duced by the crosses between the similarly-colored Ilowers 
than between those which are cbllercntly colored. !Mr. Scott, 
also, has exjicrimented on the species and varieties of Verbas- 
cum; and, altlioiigh unable to confirm Gartner’s results on the 
crossing of the distinct species, he finds that the dissimilarly- 
colored varieties of the same species yield fewer seeds, in the 
j)roportion of SG to 100 , than the similarly-colored varieties, 
^"et these varieties difler in no respect, oxce})t in the color of 
their tlowers ; and one variety can sometimes be raised from 
the .seed of anotlnT. 

Kolrcuter, whose accuracy has been confirmed by every 
subs(HjU(Mit ol)server, has proved the remarkable fact that one 
])articular variety of the common tobacco was more fertile than 
the other varieties, when crossed Avith a wiilely-distinct species, 
lie experimented on five forms, which arc commonly reputed 
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to be varieties, anti wliich lie tested by the severest trial, 
namely, by reei|)rocal cro.sses, and lie found their mongrel oil- 
spring perfectly fertile. But one of tlit'se five varietit's, when 
used either as the fatlier or mother, and crossed with the Nico- 
liana glutinosa, always yielded hjdwids not so sterile as those 
which were produced from the four other varieties when crossed 
with Nicotiana glutinosa. Hence the reproductive S3'stcm of 
this one variety must have been in some manner and in some 
degree modified. 

From these facts it cannot be maintained that varieties 
when crossed arc invariably cpiite fertile : from the great difll- 
culty of ascertaining the infertility of varieties in a state of 
nature, for a supposed variet}", if proved to be infertile in any 
degree, would almost universall}^ be ranked as a species ; from 
man attending only to external characters in his domestic va- 
rieties, and from such varieties not having been exposed for a 
veiy long period to uniform conditions of life. From these sev- 
eral considerations we may conclude that fertility docs not con- 
stitute a fundamental distinction between varieties and species 
when crossed. The general sterility of crossed species may 
safely be looked at not as a special acquirement or endowment, 
but as incidental on changes of an unknown nature in their 
sexual elements. 

Jlyhrlds and 3fongrels compared^ indqyendentbj of their 
Fcrtilltij, 

Independently of the question of fertility, the oflspring of 
species when crossed, and of varieties when crossed, ma}' be 
compared in several other respects. Gartner, whoso strong 
wish it Avas to draw a distinct line between species and varie- 
ties, could find ver^' few, and, as it seems to me, quite unim- 
portant dilTercnces between the so-called lybrid olTspring of 
species, and the so-called mongrel olTspring of varieties. And, 
on the other hand, the^' agree most closely in mam’ important 
respects. 

1 shall here discuss this subject with extreme brevit}’. The 
most important distinction is, that in the first generation mon- 
grels arc more variable than lybrids; but Gartner admits that 
hj'brids from sjiccics which have long been cultivated are often 
variable in the first generation ; and 1 have nysclf seen striking 
instances of this fact. Giirtncr further admits that lybrids 
bctAA’cen ver}’ closely-allied species are more variable than 
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those from very distinct species; and tliis shows that the dif- 
ference in the (k‘^ee of variability graduates away. Wlien 
mongrels and the more fertile hybrids are propagated for sev- 
eral generations, an extreme amount of variability in the oiN 
spring in both eases is notorious; but some few instances of 
both hybrids and mongrels long retaining a uniform character 
could be given. The variability, however, in the successive 
generations of mongrels is, perhaps, greater than in hybrid.s. 

This greater variability in mongrels than in hybrids does 
not seem at all surprising. For tlie jiarents of mongrels are 
varieti(‘s, and mostly domestic varieties (very few exjieriments 
having been tried on natural varieties), and this implies tliat 
tliere has been reeent variability, which would often continue 
and be added to that arising from the act of crossing. The 
slight variability of hybrids in the first generation, in contrast 
with the succeeding generations, is a curious fact, and deserves 
aftention. For it bears on the view which I have taken of one 
of the causes of ordinary variability; namely, that the repro- 
ductive system from being eminently sensitive to changed con- 
ditions of life, fails under these circumstances to perform its 
proper function of producing offspring identical in all respects 
with the ]\arent-form. Now, hybrids in the first generation 
are descended from s]')ccies (excluding those long cultivated) 
wliich have not had their reproductive s}'stems in any way 
aflected, and they are not variable ; but hybrids themselves 
have their reproductive systems seriously affected, and their 
de.scendants are highly variable. 

But to return to our comparison of mongrels and hybrids : 
Giirtner states that mongrels are more liable than hybrids to 
revert to either jairent-form ; but this, if it be true, is certainly 
only a ditfi‘rence in degree. Moreover, Giirtner exjwessly states 
that hylwids from long-cultivated plants are more subject to 
reversion than hybrids from s])ccies in their natural state; and 
this probably explains the singular difference in the results 
arrived at by different observers: thus, !Max AVichura doubts 
whether hybrids ever revert to their parent-forms, and he ex- 
perimented on uncultivated species of willows; while Naudin, 
on the other hand, insists in the strongest terms on the almost 
universal tendency to reversion in hybrids, and he ex]>erim(Mit- 
ed chiefly on cultivated plants. Gfirtner further sbites tliat 
when any two .species, although most closely allied to each 
other, are cros.S(*d with a third species, the hybrids are widely 
different from each other; whereas, if two V(‘iy distinct varie- 
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ties of one species are crossed witli another species, the hybrids 
do not dilVcr much. But this conclusion, as far as I can make 
out, is founded on a single experiment; and seems directly 
opposed to the results of several experiments made by Kol- 
renter. 

Such alone are the unimportant difierences which Gartner 
is able to jioint out between hybrid and mongrel plants. On 
the other hand, the degrees and kinds of resemblance in mon- 
grels and in hybrids to their respective parents, more especially 
in h>’brids produced from nearly related species, follow accord- 
ing to Gartner the same laws. When two species are crossed, 
one has sometimes a prepotent power of impressing its likeness 
on the hybrid ; and so I believe it to be with varieties of plants. 
With animals one variety certainly often has this prepotent 
]')Ower over another variety. Hybrid plants produced from a 
reciprocal cross, generally resemble eacli other closely ; and so 
it is with mongrel plants from a reciprocal cross. Both hybrids 
and mongrels can be reduced to either pure parent-form, by 
rejieated crosses in successive generations with either parent. 

These several remarks are apparently applicable to animals ; 
but the subject is here much complicated, jiartly owing to the 
existence of secondary sexual characters ; but more especially 
owing to prepotency in transmitting likeness running more 
strongly in one sex than in the other, both when one species 
is crossed Avith another, and Avhen one A^ariety is crossed Avith 
another A’ariety. For instance, I think those authors are rigl.t, 
Avho maintain that the ass has a prepotent power OA’or the horse, 
so that both the mule and the hinny more resemble the ass than 
the horse ; but that the prepotency runs more strongly in the 
male-ass than in the female, so that the mule, Avhich is the ofT- 
sj)ring of the male-ass and mare, is more like an ass, than is the 
hinny, Avhich is the offspring of tlie female-ass and stallion. 

!Much stress has been laid by some authors on the supposed 
fact, that it is only Avith mongi’els that the offspring are not 
intermediate in character, but closely resemble one of their 
])a rents ; but this does sometimes occur AAntli hybrids, yet I 
grant much less frequently Avith them than AA’ith mongrels. 
Looking to the cases Avhich I ha\'e collected of cross-bred ani- 
mals closely resembling one parent, the resemblances seem 
chiefly confined to characters almost monstrous in their nature, 
and Avhich have suddenly ajipeared — such as albinism, melanism, 
deficiency of tail or horns, or additional fingers and toes; and 
do not relate to charaefers aaIucIi Iiha’C been sloAAdy acquired 
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tliroiip^h selection. Consequently, sudden reversions to the 
jierfect character of either parent would be much more likely 
to occur with monirrels, which arc descended from varieties 
often suddenly produced and semi-monstrous in character, than 
with liybrids, which arc descended from sjiccies slowly and 
naturally produced. On the whole, I entirely agree with Dr. 
Prosper Lucas, who, after arranging an enormous body of facts 
with respect to animals, comes to the conclusion that the laws 
of resemblance of the child to its parents are the same, whctlier 
the two parents differ little or much from each other, namely 
ill the union of individuals of the same variety, or of dillcrcnt 
varieties, or of distinct species. 

Indei)cndcntly of the question of fertility and sterility, in 
all other respects there seems to be a general and close simi- 
larity in the otfspring of crossed species, and of crossed vari- 
eties. If we look at species as having been specially created, 
and at varieties as having been produced by secondary laws, 
this similarity would be an astonishing fact. But it harmo- 
nizes perfectly with the view that there is no essential dis- 
tinction between sjiccies and varieties. 

Siimmarj/ of Chapter, 

First crosses between forms sulTicicntly distinct to be ranked 
as species, and tlicir hybrids, arc very generall}" but not univer- 
sally sterile. The sterility is of all degrees, and is often so 
slight that the most careful experimentalists have arrived at 
diametrically opposite conclusions in ranking forms by this 
test. The sterility is innately variable in individuals of the 
same species, and is eminently suscejitible to the action of 
favorable and unfavorable conditions. The degree of sterility 
does not strictly follow systematic allinity, but is governed by 
several curious ami complex laws. It is generally dilTerent, 
and sometimes widely din’erent, in reciprocal crosses between 
the same two sj)cci('s. It is not alwa\'s equal in degree in a 
first cross and in tlie hybrids produced from this cross. 

In the same manmu-as in grafting trees, the eapacit}’ of one 
species or variety to take on another, is incidental on dilfer- 
ences, generally of an unknown u.ature, in their vegetative sys- 
tems, so in crossing, the greati'r or less facility of one species 
to unite with another is incidental on unknown difl’ercnccs in 
their reproductive system.*^. There is no more reason to think 
that specie.^ have been specially endowed with various degrees 



2G4 



SUMMARY. 



Chap. VIII. 



of sterility to ])rcvciit tlicir crossing and blending in nature, 
than to think tiiat trees have been specially endowed vrith vari- 
ous and somewhat analogous degrees of dilliciilty in being 
grafted together in order to prevent their inarching in our 
forests. 

The sterility of first crosses and of tlicir hybrid progeny has 
not, as far as we can judge, been acquired llirough natural se- 
lection. In the case of first crosses it seems to depend on 
several circumstances; in some instances in chief part on the 
early death of the embryo. In the case of hybrids, it perhaj^s 
depends on tlicir whole organization ha^diig been disturbed by 
being compounded from two distinct forms ; tlie sterility being 
closely allied to that which so frequently affects pure species, 
when exposed to unnatural conditions of life. This view is 
supported by a parallelism of another kind : namely, that, first, 
the crossing of forms only slightly differentiated favors the 
vigor and fertility of tlieir offspring, while close interbreeding 
is injurious; and secondly, that slight changes in the conditions 
of life apparently add to the vigor and fertility of all organic 
beings, while greater changes are often injurious. But the 
facts given on tlie sterility of the illegitimate unions of dimor- 
phic and trimorphic plants and of their illegitimate progeny, 
render it probable that some unknown bond in all cases con- 
nects the degree of fertilit}" of first unions with that of their 
offspring. The consideration of these fiicts on dimorphism, as 
well as the results of reciprocal crosses, clearly leads to the 
conclusion that the primary cause of the sterility is confined to 
differences in the sexual elements. But why, in the case of 
species, the sexual elements should so generally have become 
more or less modified, leading to their mutual infertility, we do 
not know. 

It is not surprising that the difficulty in crossing any two 
species, and the sterility of tlieir hybrid-offspring, should in 
most cases correspond, even if due to distinct causes; for both 
depend on tlie amount of difference between the species which 
arc crossed. Nor is it surprising that the facilit}' of effecting 
a first cross, and the fertility of the hybrids thus produced, and 
the cajiacity of being grafted together — though tliis latter 
capacity evidently depends on widely-different circumstances 
— should all run, to a certain extent, parallel with the system- 
atic affinity of the forms subjected to experiment ; for system- 
atic affinity includes resemblances of all kinds. 

First crosses lietween forms known to lie varieties, or suffi- 
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cicntly alike to be considered as varieties, and their mongrel 
oflspring, are very generally, but not, as is so often stated, 
invariably fertile. Nor is this almost universal and perfect 
fertility surprising, when we remember how liable we are to 
argue in a circle with respect to varieties in a slate of nature; 
and when we remember that the greater number of varieties 
have been produced under domestication by the selection of 
mere external diflerences, and that they have not been long 
exposed to uniform conditions of life. It should also be espe- 
cially kept in mind, that long-continued domestication tends to 
eliminate sterility, and is therefore Httle likely to induce this 
same qualit}% Independently of the cpiestion of fertilit}', in all 
other resjiects there is the closest general resemblance between 
h}’brids and mongrels, in their variability, in their power of 
absorbing each otlier by repeated crosses, and in their inheri- 
tance of characters from both parent-forms. Finallj", then, 
although we arc profoundly ignorant of the precise cause of 
the sterility of first crosses and of hj’brids, the facts given in 
this chapter do not seem to me opposed to the belief that vari- 
eties and species arc not fundamentally diflerciit. 
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CHAPTER IX. 

ox TIIK IMPKKFECTIOX OF THE GEOLOGICAI. EECOED. 

On the Absence of Intermediate Varieties at the Present Hay— On the Nature of Ex- 
tinct Intermediale Varieties; on their Number— On the Lapse of Time, as in- 
ferred from the Kate of Denudation and of Deposition— On the Lapse of Time as 
estimated by Years— On the Poorness of our Paleontologieal Collections— on the 
Denudation of Granitic Areas— On the Intermittence of Geological Formations — 
On the Absence of Intermediate V'arieties in any one Formation— On the sudden 
Appearance of Groups of Species— On their sudden Appearance in the lowest 
known Fossiliferous Strata— Antiquity of the Habitable Earth. 

In tlie sixth clia]:>ter I enumerated the chief objections 
Avhich miglit be justly urged against the views maintained in 
this volume. Most of them have now been discussed. One, 
namely, the distinctness of specific forms, and their not being 
blended together by innumerable transitional links, is a very 
obvious dilliculty. I assigned reasons why such links do not 
common]}^ occur at the present day, under the circumstances 
apparently most favorable for their presence, namely, on an 
extensive and continuous area with graduated physical condi- 
tions. I endeavored to show that the life of each species 
do]iends in a more important manner on the presence of other 
already-defined organic forms, than on climate ; and, therefore, 
tliat the really governing conditions of life do not graduate 
away quite insensibly like heat or moisture. I endeavored, 
also, to show that intermediate varieties, from existing in lesser 
numbers than the forms which they connect, will generally be 
beaten out and exterminated during the course of further 
modification and improvement. The main cause, however, of 
innumerable intermediate links not now oceurring everywhere 
throughout Nature depends on the very process of natural 
selection, through wliich new varieties continually take the 
places of and exterminate their parent-forms. But just in pro- 
portion as this process of exterinination has acted on an enor- 
mous scale, so must the number of intermediate varieties, 
wliich have formerly existed, be truly enormous. then, 
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is not every p^eolop^ieal formation and every stratum full of 
such intcrmccliatc links ? Geolo^^y assuredly does not reveal 
any such finely-graduated organic chain; and this, perhaps, is 
the most obvious and serious objection 'which can be urged 
against the thcoiy. The explanation lies, as 1 bclicv’e, in the 
extreme imperfection of the geological record. 

Ill the first place, it should always be borne in mind what 
sort of intermediate forms must, on the theory, have formerly 
existed. I have found it dilliciilt, when looking at any two 
species, to avoid picturing to myself forms directly intermedi- 
ate between them. But this is a wholly false view ; we should 
always look for forms intermediate between each species and 
a common but unknown progenitor; and the jirogenitor will 
generally have dillcred in some respects from all its modified 
(lescendants. To give a simple illustration: the fantail and 
pouter ]n*gcons have both descended from the rock-pigeon; 
if we jmsscssed all the intermediate varieties which Inive ever 
existed, we should have an extremely close series between 
both and the rock-pigeon ; but we should have no varieties 
directly intermediate between the fantail and pouter; none, for 
instance, combining a tail somewhat exjianded with a crop 
somewhat enlarged, the characteristic features of these two 
lirccds. These two breeds, moreover, have become so much 
modi lied, that, if we had no historical or indirect evidence re- 
garding their origin, it would not have been possible to have 
determined, from a mere comparison of their structure with 
tiiat of the rock-pigeon, C. livia, whether they had descended 
irom this species or from some other allied sjiecies, such as U. 
ocnas. 

So with natural species, if we look to forms very distinct, 
for instance to the horse and tapir, wo have no reason to suj)- 
posc that links ever existed directly intermediate between 
them, but between each and an unknown common jiarent. The 
common jiarent will have had in its whole organization much 
general resemblance to the tapir and to the horse ; but in some 
jioints of structure may have dilTered considerably from both, 
even ]ierhaps more than they differ from each other. Hence, 
ill all such eases, we should be unable to recognize the parent- 
form of any two or more sjiccics, even if we closely compared 
the structure of the ]iarent with that of its modified dt'seemd- 
ants, unless at the same time we had a nearly perfect chain of 
tlie intermediate links. 

It is just jiossible liy the theory that one of two living 
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forms might have descciulccl from the other; for instance, a 
horse from a tapir ; aiul in this case direct intermediate links 
will have existed between them. But such a case would im- 
ply that one form had remained for a very long period unal- 
tered, while its descendants had undergone a vast amount of 
change; and the principle of competition between organism 
and organism, between child and parent, will render this a very 
rare event ; for in all cases the new and impi oved forms of life 
tend to sup]ilant the old and unimproved forms. 

By the theory of natural selection all li\dng species have 
been connected with the parent-species of each genus, by dif- 
ferences not greater than avc see between the varieties of the 
same species at the present day ; and these parent-species, 
now generally extinct, have in their turn been similarly con- 
nect ctl with more ancient species ; and so on backward, always 
converging to the common ancestor of each great class. So 
that the number of intermediate and transitional links, be- 
tween all living and extinct species, must have been incon- 
ceivably great. But assuredly, if this theory be tnie, such 
have lived upon the earth. 

On the Lajyse of Time ^ as inferred from the Rate of Deposi- 
tion and Extent of Denudation, 

Independently of our not finding fossil remains of such in- 
rmitcly numerous connecting links, it may be objected that 
time cannot have sulliccd for so great an amount of organic 
change, all changes having been clfcctcd very slowly. It is 
hardly possible for me even to recall to the reader, who is not 
a ]mactical geologist, the facts leading the mind feebly to com- 
prehend the lapse of time. He who can read Sir Charles 
Lyell’s grand work on the Principles of Geology, which the 
future historian will recognize as having produced a revolu- 
tion in natural science, yet does not admit how vast have been 
the past periods of time, may at once close this volume. Not 
that it sulliccs to study the Principles of Geology, or to read 
special treatises by diflerent observers on separate formations, 
and to mark how each author attempts to give- an inadequate 
idea of the duration of each formation or even of each stratum. 
We can best gain some idea of \vdst time by knowing the agen- 
cies at work, and learning how much of the surface of the land 
has been denuded, and how much sediment has been deposited. 
As T.yell has well remarked, the extent and thickness of our 
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sedirncMitiiry formations are the result and the measure of llie 
denudation wliicli the earth's crust has clscwlicrc undergone. 
Thendore a man should c.xaniinc for himself the c^rcat ])iles of 
superimposed strata, and watch the rivulets briiif^ing down 
mud, and the waves wearing away the sca-clilfs, in order to 
comprehend something about the duration of past time, the 
monuments of which we sec all around us. 

It is good to wander along the coast, when formed of mod- 
eratelydiard rocks, and mark the process of degradation. Tlic 
tides in most cases rcvach the dills only for a short time twice a 
day, and the waves cat into them, only when thc}^ are charged 
with sand or pebbles; for there is good evidence that pure 
water cilects nothing in wearing away rock. At last the base 
of the cliir is undermined, huge fragments fall down, and these, 
remaining fi.vcd, have to be worn away atom by atom, until 
after being reduced in size they can be rolled about by tlie 
waves, and then they are more quickly ground into pebbles, 
sand, or mud. But how often do we sec along tlie bases of 
retreating clilTs rounded bowlders, all thickly clothed by marine 
productions, showing how little they arc abraded, and how 
seldom they are rolled about! ^Moreover, if we follow for a 
few miles any line of rocky clifi', which is undergoing degrada- 
tion, we iind that it is only here and there, along a short length 
or round a promontory, that the cliffs arc at the present time 
sulTering. The api)carancc of tlie surface and the vegetation 
show that elsewhere years have elapsed since the waters 
washed their base. 

AVe have, however, recently learned from the observations 
of Bamsay, in the van of' excellent observers, of Jukes, Geikie, 
Croll, and others, that subaerial degradation is a much more 
important agency than coast-action, or the power of the waves. 
The whole surface of the land is exposed to the chemical ac- 
tion of the air and of tlie rain-water with its dissolved carbonic 
acid, and in colder countries to frost; the disintegrated matter 
is carried down even gentle slopes during heavy rain, and to a 
greater extent than might be suj)poscd, csjiccially in arid dis- 
tricts, by the wind ; it is then transported by the streams and 
rivers, which when rajud dccj^cn their channels, and triturate 
the fragments. On a rainy day, even in a gently-undulating 
country, we see the clfects of subacrial degradation in the mud- 
dy rills which flow down each slope. Alcssrs. Kamsay and 
Whitaker have shown, and the observation is a most striking 
one, that the great lines of escarpment in the Wcaldon district 
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and those ranging across England, M'liicli h^rmerly were looked 
at hy every one as ancient sea-coasts, cannot liavc been thus 
formed, for each line is composed of one and the same forma- 
tion, while onr present sca-clills arc eveiy where formed In* the 
intersection of A'arions formations. This being tlie ease, we 
are compelled to admit that the escarpments owe their origin 
in chief part to the rocks of which they arc composed having 
resisted snbaerial denudation better than the surrounding sur- 
face ; this surface consequently has been gradually lowered, 
with the lines of harder rock left projecting. Nothing im- 
])resses the mind with the vast duration of time, according to 
our ideas of time, more forcibly than the conviction thus gained 
that subaerial agencies, which apparently have so little power, 
and which seem to work so slowly, have produced such great 
results. 

When thus impressed with the slow rate at Vv'hich the land 
is worn away through subaerial and littoral action, it is good, 
in order to a])prcciatc the past duration of time, to consider, on 
the one hand, the mass of rock which has been removed over 
many extensive areas, and on the other hand the thickness of 
our scdimentaiy formations. I remember ha^*ing been much 
struck when viewing volcanic islands, which have been worn 
by the waves and pared all around into perpendicular cliffs of 
one or two thousand feet in height; for the gentle slope of 
the lava-streams, due to their formerly liquid state, showed at 
a glance how far the hard, rocky beds had once extended into 
the open ocean. The same story is told still more plainly by 
faults — those great cracks along which the strata have been 
upheaved on one side, or thrown down on the other, to the 
height or depth of thousands of feet ; for since the crust cracked, 
and it makes no great difference whether tlic uplicaval was 
sudden, or, as most geologists now believe, was very slow and 
effected by many starts, the surface of the land has been so 
completely planed down that no trace of these vast dislocations 
is externally visible. d1ie Craven fiuilt, for instance, extends 
for upward of thirty miles, and along this line the veriical dis- 
placement of the strata varies from 600 to o,000 feet. Prof, 
liamsay has published an account of a downthrow in Auglcsea 
of 2,300 feet ; and he informs me that he fully believes that 
there is one in ]\Ierioncthshire of 12,000 feet; yet in these 
cases there is nothing on the surface of the land to show such 
prodigious movements; the pile of rocks on cither side of the 
crack having been smoothly swc])t away. 
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On the oilier liand, in all parts of tlie world the piles of 
sedimentary strata arc of wonderful thickness. In the Cordil- 
lera I estimated one mass of conglomerate at ten thousand 
feet; and althoiigli conglomerates have ])robably been accii- 
imilatcd at a quicker rate than liner sediments, yet from being 
formed of worn and rounded pebbles, each of which bears the 
stamp of time, they arc good to show how slowly the mass 
must have been heaped together. Prof. Pamsay has given me 
the maximum thickness, from actual measurement in most 
cases, of the successive formations in different parts of Great 
Britain; and this is the result: 

Feel. 



Paleozoic Ptratn (not iiicludin;; igneous beds) 

Secondary girala 13,UK) 

Tertiary strata 2,210 



— making altogether 72,584 feet; that is, very nearly thirteen 
and three-quarters British miles. Some of the formations, 
which arc represented in England by thin beds, are thousands 
of feet in thickness on the Continent. Moreover, between each 
successive formation, we have, in the o])inion of most geolo- 
gists, enormously long blank periods. So that the lofty pile 
of sedimentary rocks in Britain gives but an inadequate idea 
of the time which has elapsed during their accumulation. The 
consideration of these various facts impresses the mind almost 
in the same manner as docs tlic vain endeavor to grapple with 
the idea of eternity. 

Nevertheless this impression is partly false. Mr. Croll, in 
a most interesting paper, remarks that we do not err “ in form- 
ing too great a conception of the length of geological periods,” 
but in estimating them by years. When geologists look at 
large and complicated phenomena, and then at the figures rep- 
resenting several million years, the two produce a totally dif- 
ferent elTcct on the mind, and the figures arc at once jiro- 
nonneed to be too small. ]3iit in regard to denudation, ^Ir. 
Croll shows, by calculating the known amount of sediment an- 
nually brought down by certain river.s, relatively to tlu^ areas 
of drainag(‘, that 1,000 feel of rock, disintegrated through sub- 
aerial agcnrics, would thus be removed from the mean h'vcl of 
the whole aiva in the course of six million years. This seems 
an astonisliing result, and some considerations lead to the sus- 
picion that it may he much too large, but even if halved or 
quartered it is still very surprising. Pew of ns, however, know 
what a million really means: !Mr. Croll gives the following 
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illustration : take a narrow strip of paper, 83 feet 4 inches in 
lengtli, and stretch it along the wall of a large hall ; then mark 
off at one end the tenth of an inch. This tenth of an inch will 
represent one hundred years, and the entire strip a million years, 
But let it be borne in mind, in relation to the subject of 
this work, what a hundred years implies, represented as it is 
hy a measure utterly insignificant in a hall of the above dimen- 
sions. Several eminent breeders, during a single lifetime, have 
so largely modified some of the higher animals, which propa- 
gate their kind much more slowly than most of the lower ani- 
mals, that they have formed what well deserve to be called 
new sub-breeds. Few men have attended Avitli due care to 
any one strain for more than half a century, so that a hundred 
years represent the work of two breeders in succession. It is 
not to be supposed that species in a state of nature ever 
change so quickly as domestic animals under the guidance of 
methodical selection. The comparison would be in every way 
fairer with the results which follow from unconscious selection, 
that is, the preservation of the most useful or beautiful animals, 
with no intention of modifying the breed ; but b}" this process 
of unconscious selection, various breeds have been sensibly 
changed in the course of two or three centuries. 

Species, however, probably change much more slowly, and 
within the same country only a few change at the same time. 
This slowness follows from all the inhabitants of the same 
country being already so well adapted to each other that new 
places in the polity of Nature do not occur until after long in- 
tervals, when changes of some kind in the physical conditions 
or through immigration have occurred; and indi^ddual differ- 
ences or variations of the right nature, by which some of the 
inhabitants might be better fitted to their new places under 
the altered circumstances, might not at once occur. According 
to the standard of years we have no means of determining 
how long a period it takes to modify a species. jMr. Croll, 
judging from the amount of heat-energy in the sun and from 
the dale which he assigns to the last glacial epoch, estimates 
that only sixty million years have elapsed since the de])Osi- 
tion of the first Cambrian formation. This appears a very 
short ])criod for so many and such great mutations in the forms 
of life as have certainly since occurred. It is admitted that 
many of the elements in the calculation arc more or less doubt- 
ful, and Sir W. Tliomson gives a wide margin to the possible 
age of the habitable world. But, as we have seen, we cannot 
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comprcliciul wluit tlic figures 00,000,000 really imply; and 
during this, or perhaps a longer roll of years, the land and the 
waters have every wlierc teemed with living creatures, all e.\- 
posed to the struggle for life and undergoing change. 

On (he Poorness of our Paleontological Collections, 

Now let us turn to our richest geological museums, and 
wliat a paltry display wo behold ! That our collections arc 
\'cry imj)crfcct is admitted by every one. The remark of that 
admirable paleontologist, Edward Forbes, should not be for- 
gotten, namely, that numbers of our fossil species arc known 
and named from single and often broken specimens, or from a 
few specimens collected on some one spot. Only a small portion 
of the surface of the earth has been geologically explored, and 
no part with sufficient care, as the important discoveries made 
cVery year in Europe prove. No organism wholly soft can be 
preserved. Shells and bones will decay and disappear when 
left on the bottom of the sea, where sediment is not accumu- 
lating. I believe wc often take an erroneous view, when we 
tacitly admit to ourselves that sediment is being deposited 
over nearly the whole bed of the sea, at a rate sulTicicntly 
quick to eml)cd and preserve fossil remains. Throughout an 
enormously large proportion of the ocean, the bright blue tint 
of the water bespeaks its purit}". The many cases on record 
of a formation conformably covered, after an immense interval 
of time, by another and later formation, without the underly- 
ing bed having suficred in the interval any wear and tear, seem 
oxidicablc only on the view of the bottom of the sea not rarely 
lying for ages in an unaltered condition. The remains whieli 
(lo become embedded, if in sand or gravel, will when the beds 
are upraised generally he dissolved by the percolation of rain- 
water charged with carbonic acid. Some of the many kinds 
of animals which live on the beach between high and low 
water mark seem to l>e rarely preserved. For instance, the 
several species of the Chthamaliiim (a sub-family of sessile 
cirripcdcs) coat the rocks all over the world in infinite 
numbers: they arc all strictly littoral, with the exccjition of a 
single Mediterranean species, which inhabits deep water, and 
this has been found fossil in Sicily, whereas not one other 
species has hitherto been found in any tertiary formation : yet 
it is not known that the genus Chthamalus existed during the 
X^halk period. Lastly, many great deposits requiring a vast 
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long-tli of time for llieii* ;icciiiniilalion, are entirely destitute of 
organic remains, without our being able to assign any reason : 
one of the most striking instances is that of the Flvsdi forma- 
tion, which consists of sliale and sandstone, several thousand, 
occasionally even six thousand feet, in thickness, and extending 
for at least 300 miles from Vienna to Switzerland ; and, al- 
though this great mass has been most carefully searched, no 
fossils, except a few vegetable remains, have been found. 

AVitli respect to the terrestrial productions which lived 
during the Secondary and Paleozoic periods, it is superfluous 
to state that our eddence from fossil-remains is fragmentary 
in an extreme degree. For instance, not a land-shell until quite 
recently was known belonging to either of these vast periods, 
with the exception of one species discovered by Sir C. Lyell 
and Dr. Dawson in the carboniferous strata of North America, 
of which shell above a hundred specimens have now been col- 
lected. In regard to maminiferoiis remains, a single glance at the 
historical table published in Lyell’s Manual will bring home the 
truth, how aceideidal and rare is their preservation, far better 
than pages of detail. Nor is their rarity surprising, when we 
remember how large a proportion of the bones of tertiary mam- 
mals have been discovered either in caves or in lacustrine 
deposits ; and that not a cave or true lacustrine bed is known 
belonging to the age of our secondary or paleozoic formations. 

But the imperfection in the geological record largely results 
from another and more important cause than any of the forego- 
ing ; namely, from the several formations being separated from 
each other by wide intervals of time. This doctrine has been 
most emjDhatically admitted by many geologists and paleon- 
tologists, who, like E. Forbes, entirely disbelieve ii^ the change 
of species. When we see the formations tabulated in written 
works, or Avheii ^ve follow them in Nature, it is dilTicult to 
avoid believing that they are closely consecutive. But we 
know, for instance, from Sir R. ^Iiirchison’s great work on Rus- 
sia, what wide gaps there are in that country between the 
superimposed formations; so it is in North America, and in 
many other parts of the world. The most skilful geologist, if 
his attention had been confined exclusively to these large ter- 
ritories, would never have suspected that, duriiig the periods 
which were blank and baiTcn in his own country, great piles 
of sediment, charged with new and peculiar forms of life, had 
elsewhere been accumulated. And if, in each se]iaratc territory, 
iiardly any idea can be formed of the length of time which has- 
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elapsed l)et\veen tlic consecutive formations, we may infer that 
this could nowhere he ascertained. The frequent and great 
changes in the mincralogical composition of consecutive forma- 
tions, generally implying great changes in the geography of 
the surrounding lands, whence the sediment has been derived, 
accords with the belief of vast intervals of time having elapsed 
between each formation. 

But we can, I think, see why the geological formations of 
each region arc almost invariably intermittent; that is, have 
not followed each other in close sequence. Scarcely any fact 
.struck me more when examining many hundred miles of the 
South American coasts, which have been ujraised several hun- 
dred feet M’ilhin the recent period, than the absence of any 
recent deposits sunicicntly extensive to last for even a short 
gvologieal period. Along the whole west coast, which is in- 
habited by a peculiar marine fauna, tertiary beds are so poorly 
developed, that no Tecord of several successive and peculiar 
marine faunas will probably be preserved to a distant age. A 
little reflection will explain wliy, along the rising coast of the 
western side of South America, no extensive formations with 
recent or tertiary' remains can an^’whcrc be found, thougli the 
supply of sediment must for ages have been great, from the 
enormous degradation of the coast-rocks and from muddy 
streams entering the sea. The explanation, no doubt, is, that 
the littoral and sub-littoral deposits are continually worn away 
as soon as they are brought up by the slow and gradual rising 
of the land within the grinding action of the coast- waves. 

\Yc may, I think, conclude that sediment must be accumu- 
lated in extremely tliick, solid, or extensive masses, in order 
to withstand the incessant action of the waves, when first up- 
raised and during successive oscillations of level, as well as 
the subsequent subaerial degradation. Such thick and exten- 
sive accumulations of sediment maybe formed in two ways; 
either in profound d(*pths of the sea, in which case the bottom 
Avill not be inliabitod by so many and such varied forms of life 
as the more shallow seas; and the* mass when upraised will 
give an imperfect record of the organisms which existed 
tliroughout the world during the jieriod of its accumulation; 
or, sediment may be deposited to any thickness and extent 
over a shallow bottom, if it (•ontinne slowly to subside. In 
this latter ease, as long as the rate of subsidence and the siijv 
j>ly of sediment nearly balance each other, the sea will remain 
shallow and favorable for many and varied forms, and thus a 
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ricli fossiliferous formation, thick enough, when upraised, to 
resist ii large amount of denudation, may be formed. 

I am convinced that nearly all our ancient formations, which 
arc throughout the greater part of their thickness r/cA i)\fos- 
sllSy have thus been formed during subsidence. Since publish- 
ing my views on this subject in 1845, 1 have watched the prog- 
ress of Geolog}", and have been surprised to note how author 
after author, in treating of this or that great formation, has 
come to the conclusion that it was accumulated during sub- 
sidence. I may add that the only ancient tertiary formation 
on the west coast of South America, which has been bulky 
enough to resist such degradation as it has as yet suflered, but 
which will hardly last to a distant geological age, was deposit- 
ed during a downward oscillation of level, and thus gained 
considerable thickness. 

All geological facts tell us plainly that each area has under- 
gone numerous slow oscillations of level, and apparently these 
oscillations have affected wide spaces. Consequently forma- 
tions rich in fossils and sufliciently thick and extensive to re- 
sist subsequent degradation, may have been formed over wide 
spaces during periods of subsidence, but only where the sup- 
ply of sediment was sufficient to keep the sea shallow and to 
embed and preserve the remains before they had time to decay. 
On the other hand, as long as the bed of the sea remained sta- 
tionary, thick deposits could not have been accumulated in the 
shallow parts, which arc the most favorable to life. Still less 
could this have happened during the alternate periods of ele- 
vation ; or, to speak more accurately, the beds which were 
then accumulated will generally have been destroyed by being 
ujiraised and brought within the limits of the coast-action. 

These remarks apply chiefly to littoral and sul>littoral de- 
posits. In the case of an extensive and shallow sea, such as 
that within a large part of the Malay Archipelago, where the 
depth varies from 30 or 40 to 60 hithoms, widely-extended for- 
mation might be formed during a ])eriod of elevation, and yet 
not suffer excessively from denudation during its slow u]> 
heaval ; but the thickness of the formation could not be great, 
for owing to the elevatory movement it would be less than the 
depth in whidi it was formed ; nor would the deposits be much 
consolidated, nor be ca])])ed by overlying formations, so that 
it would run a good cliancc of being Avorn away by atinos- 
])heric degradation and by the action of the sea during subse- 
quent oscillations of level. It has, however, been suggested 
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bj Mr. Hopkins, that if one part of tlie area, after rising and 
before being denuded, subsided, tlie deposit formed during tlie 
rising movement, thongli not thick, might afterward become 
protected bj" fresh accumulations, and thus be preserved for a 
long period. 

Mr. IIo])kins also expresses his belief that sedimentary beds 
of considerable horizontal extent have rarely been completely 
destroyed. But all geologists, cxcejding the few who believe 
that onr present mctamorphic schists and plutonic rocks once 
formed the i)rimordial nucleus of the globe, will admit that 
these latter rocks have been denuded on an enormous scale. 
For it is scarcely possible that such rocks could have been 
solidified and crystallized while uncovered ; but if the meta- 
morphic action occurred at jirofound depths of the ocean, the 
former jirotecting mantle of rock may not have been very thick. 
Admitting, then, that gneiss, mica-schist, granite, diorite, etc., 
w*ere once necessarily covered up, how can we account for the 
naked and extensive areas of such rocks in many jiarts of the 
world, except on the belief that they have subsequently been 
completely denuded of all overlying strata ? That such ex- 
tensive areas do exist cannot be doubted : the granitic region 
of Parime is described by Humboldt as being at least nineteen 
times as large as Switzerland. South of the Amazon, Bou6 
colors an area composed of rocks of this nature as equal to that 
of Spain, France, Italy, part of Germany, and the British Isl- 
ands, all conjoined. This region has not been carefully ex- 
])lorcd, but, from the concurrent testimony of travellers, the 
granitic area is very large: thus. Von Esehwege gives a de- 
tailed section of these rocks, stretching from Bio de Janeiro 
for 2G0 geograjdiical miles inland in a straight line; and I trav- 
elled for 150 miles in another direction, and saw nothing but 
granitic rocks. Xumerous specimens, collected along the whole 
coast from near Pio Janeiro to the mouth of the Plata, a dis- 
tance of 1,100 geographical miles, were examined by me, and 
they all belonged to this class. Inland, along the whole north- 
ern bank of the Plata, I saw, besides modern tertiary beds, only 
one small patch of slightly-metamor]dioscd rock, which alone 
could have formed a part of the original cap})ing of the granitic 
series. Turning to a well-known region, namely, to the United 
States and Canada, as shown in Prof. II. D. Pogers’s beauti- 
fid map, I have estimated the areas by emitting out and weigh- 
ing the ])ajicr, and I find that tiie metamoi'jdiie (including “ the 
semi-metamorphic”) and granitic rocks exceed, in the proportion 
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of 19 to 12.5, ilic whole of the newer Paleozoic formations. 
In many rcg'ions the inetainorphic and granitic rocks would be 
seen to be much more widely extended, if all the sedimentary 
beds were removed which rest nnconformably on them, and 
which could not have formed part of the original mantle under 
which they were crystallized. Ileiicc it is probable that in some 
parts of the world whole formations have been completely de- 
nuded, with not a wreck left behind. 

One remark is here worth a passing notice. During peri- 
ods of elevation the area of ilic land and of the adjoining slioal 
])arts of the sea will be increased, and new stations will often 
l)e formed — all circumstances favorable, as previously explained, 
for the formation of new varieties and species; but during such 
periods there M'ill generally be a blank in the geological record. 
On the other hand, during subsidence, the inhabited area and 
number of inhabitants Avill decrease (excepting on the shores 
of a continent when first broken up into an archipelago), and 
consequently during subsidence, thougli there will be much ex- 
tinction, few new varieties or species will be formed ; and it 
is during these very periods of subsidence that the deposits 
which arc richest in fossils have been accumulated. 

On the Absence of A^iimcrous Intermediate Varieties in any 
one Slnyle Formation. 

From these several considerations, it cannot be doubted 
that the geological record, viewed as a whole, is extremely im- 
perfect ; but if we confine our attention to any one formation, 
it becomes much more diflicnlt to understand why we do not 
therein find closely-graduated varieties between the allied 
species which lived at its commencement and at its close. 
Several eases are on record of the same species presenting va- 
rieties in the upper and lower parts of the same formation : 
thus, Trautschold givijs a number of instances with /Vmmon- 
ites; and Ililgcndorf has described a most curious ease of ten 
graduated forms of Planorbis multiformis in the successive 
beds of a fresh-water formation in Switzerland. Although 
each formation has indisputably required a vast number of 
years for its deposition, several reasons can be given why each 
should not commonly include a graduated series of links be- 
tween the species which lived at its eominenccmcnt and close; 
but I cannot assign due pro]>ortional weight to the following 
considf'ration'?. 



CiiAr. IX. 



IN ANY SINGLE lOKMATION. 



279 



Allhougli each fonnation may mark a ver}" long lapse of 
years, each ])robably is short com[)arcd witli the period requi- 
site to cliangc one sjiecies into another. I am aware that two 
j)aleontologists, wliose opinions arc worthy of much deference, 
namely, Broun and AVoodward, liave concluded that the aver- 
age duration of cacli formation is twice or thrice as long as the 
average duration of spccilic forms. But insuperable dillicul- 
tics, as it seems to m(‘, prevent us from coming to an}^ just 
conclusion on this head. Wljcn we see a species first appear- 
ing in the middle of any formation, it wouhl be rash in the ex- 
treme to infer that it liad not elsewhere previously existed. 
So, again, when we find a species disajipcanng before the last 
layers have been dejiositcd, it would be equall}^ rash to sup- 
pose that it then became extinct. We forget ho^v small the 
area of Europe is compared witii the rest of the world; nor 
have the several stages of the same formation throughout Eu- 
rope been correlated with pcrf(?ct accurac}'. 

With marine animals of all kinds, wo may safely infer a 
large amount of migration during climatal and other changes ; 
and when we sec a species first appearing in any formation, the 
probability is, that it only then first immigrated into that area. 
It is well known, for instance, that several species ajipeared 
somewhat earlier in the paleozoic beds of North America than 
in those of Europe; time having apparently^ been required for 
tlieir migration from the American to the European seas. In 
examining the latest deposits in various quarters of the world, 
it has everywhere been noted that some few still existing spe- 
cies are common in the dcjiosit, but have become extinct in the 
immcdiatel}’ surrounding sea ; or, conversely, that some arc 
now abundant in the neighboring sea, but are rare or absent in 
this ]>articular dejiosit. It is an excellent lesson to reflect on 
the ascertained amount of migration of the inhabitants of Eu- 
rope during the glacial epoch, which forms only a j)art of one 
whole geological period ; and likewise to reflect on the changes 
of level, on the extreme change of climate, and on the great 
h(]>sc of time — all included within this same glacial ])criod. Yet 
it may be doubted whether, in any (piarter of the world, sedi- 
/nentary d(*posits, inclncU)i(/ fossil ronalns^ have gone on ae- 
cmniilating within tlie same area during the whoh' of this 
period. It is not, for instance, probable that sediment was de- 
posited during the ^vhole of the ghicial j)criod near the mouth 
of the Mississippi, within that limit of de])th at which marine 
animals can best llourish ; for we know that great geographical 
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changes occurred in other parts of America during this space 
of time. AVhen such beds as were dej)osited in sliallow Avater 
near the nioutli of the Mississippi during some part of the gla- 
cial period sliall haA C been upraised, organic remains aauH prob- 
ably first appear and disapjiear at dificrent levels, OAving to 
the migrations of species and to geographical changes. And 
in the distant future, a geologist, examining these beds, Avould 
be tempted to conclude that the a\xrage duration of life of the 
embedded fossils had been less than that of the glacial period, 
instead of having been really far greater, that is, extending 
from before the glacial e]AOcli to the present day. 

In order to get a perfect gradation betAveen tAVO forms in 
the upper and lower parts of the same formation, the deposit 
Avill luiA’e to gO on continuously accumulating during a A'cry 
long period, so that there may be time sullicient for the sIoav 
process of modification ; hence the deposit Avill haA'e to be a 
very thick one; and the species undergoing change Avill haA*e 
to live in the same district throughout this aa’IioIc time. But 
Ave haAX seen that a thick formation, fossiliferous throughout 
its entire thickness, can accumulate only during a period of 
subsidence ; and to keep the depth approximately the same, 
Avhich is neccssar^^ that the same marine species ma}' liA*e on 
the same space, the supjdy of sediment must nearh' counter- 
balance the amount of subsidence. But this same moA'ement 
of subsidence will tend to submerge the area Avhence the sedi- 
ment is deriA^ed, and thus diminish the supply Avhile the doAvn- 
AA’ard moA^ement continues. In fact, this nearly exact balancing 
betAveen the supply of sediment and the amount of subsidence 
is probably a rare contingency; for it has l)cen obseived, by 
more than one paleontologist, that A^ery thick deposits are 
usually barren of organic remains, except near their upper or 
loAver limits. 

It Avould seem that each separate formation, like the Avhole 
pile of formations in any country, has generally been intermit- 
tent in its accumulation. When avc see, as is so often the case, 
a formation composed of beds of ditlerent mineralogical com- 
position, AA'c may reasonably suspect that the jirocessof deposi- 
tion has been much intcrru])ted, as a change in the currents of 
the sea, and a sup])Iy of sediment of a different nature AA’ill 
generally liaA’c been due to geographical chaiiges requiring 
much time. Nor Avill the closest inspection of a formation giA’c 
any idea of the time AAdiich its deposition has consumed. ^lany 
instances could be given of beds oul}’' a fcAv feet in thickness. 
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roprcsciiting formations, elsewhere thousands of feet in thick- 
ness, and whicli must have required an enormous period for 
(lieir accumulation ; jet no one ignorant of this fact would have 
siisj^cctcd the vast lapse of time represented by the tliinncr for- 
mation. Many cases could be given of the lower beds of a 
formation having been upraised, denuded, submerged, and then 
re-covered by tlie upj^cr beds of the same formation — facts, 
showing what wide, yet easily-overlooked, internals have oc- 
cniTcd in its accnmnlation. In other cases we have the plainest 
evidence in great fossilized trees, still standing upright as they 
grew, of many long intervals of time and changes of level 
during the process of dc])Osition, wliicli would never even have 
been susj^ected, had not the trees chanced to have been pre- 
served : thus Sir C. Lycll and Dr. Dawson found carboniferous 
beds 1,400 feet thick in Nova Scotia, with ancient root-bearing 
strata, o!ic above tlic other, at no less than sixty-eight dilfcrent 
levels. Hence, when the same species occur at the bottom, 
iniddh', and top of a formation, the probability is that they have 
not lived on the same spot during the Avhole period of depo- 
sition, but have disa])pcarcd and rcapj^carcd, perhaps many 
times, during the same geological period. So that, if such spe- 
cies were to undergo a considerable amount of inodification 
during any one geological period, a section would not include 
all the fine intermediate gradations which must on oiir theory 
have existed between them, but abrupt, though perhaps si i^ht, 
ch.anges of form. 

It is all-im])ortant to remember that naturalists have no 
golden rule by which to distinguish species and varieties ; they 
grant some little variability to each species, but when they 
meet with a somewhat greater amount of diHerencc between 
any two forms, they rank both as species, unless they arc en- 
abled to connect them together by the closest intermediate 
gradations. And this from the reasons just assigned we can 
si'ldom hope to cfh'ct in any one geological section. Siq)posing 
and C to be two species, and a third, A, to be fouml in an 
older and luidcrlying bed; even if A were strictly intermediate 
between B and C, it would simply be ranked as a tliird and 
distinct specie's, \inh\ss at the same lime it could be most 
closely connected with either one or both forms by intermediate 
varieties. Nor should it be forgotten, as before exjdained, that 
A might be the actual progenitor of B and 0, and yet might 
not necessarily be strictly intc;rmcdiate between them in .all re- 
spects. So tliat we might obtain the parent-species and its 
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several modified descciidauts from tlie lower and upper beds of 
the same formation, and unless we obtained numerous transi- 
tional gradations, we should not recognize their blood-relation- 
ship, and siiould consequently be conqjclled to rank them as 
distinct species. 

It is notorious on what excessively slight difTercnces many 
paleontologists have founded their species; and they do. this 
the more readily if the specimens come from different sub- 
stages of the same formation. Some experienced conchologists 
are now sinking many of the very fine species of D’Orbigny 
and others into the rank of varieties ; and on this view wc do 
find the kind of evidence of change which on the tlicor^^ wc 
ought to find. Look, again, at the later tertiary deposits, 
which include many shells believed by the majority of natural- 
ists to be identical with existing species ; but some excellent 
naturalists, as Agassiz and Pictet, maintain that all these ter- 
tiary species are specifically distinct, though the distinction is 
admitted to be ver}’ slight; so that here, unless wc believe that 
these eminent naturalists have been misled by their imaginations, 
and that these late tertiary species really present no difference 
whatever from their living representatives, or unless wc believe 
that the great majority of naturalists arc wrong, and that the 
tertiary sj)ccies are all truly distinct from the recent, wc have 
evidence of the frequent occurrence of slight modifications of 
the land required. If wc look to rather wider intervals of time, 
namely, to distinct but consecutive stages of the same great 
formation, wc find that the embedded fossils, though almost 
iinivcrsall}' ranked as specifically different, yet arc far more 
closely related to each other than arc the species found in more 
widcly-sc])aratcd formations ; so that here again wc have un- 
doubted evidence of change in the direction required by the 
theory; but to this latter subject I shall have to return in the 
following chapter. 

Witli animals and plants that propagate rajndly and do 
not wander much, there is reason to susj^ect, as we have for- 
merly seen, that their varieties arc generally at first local ; and 
that such local varieties do not spread widely and siqiplant 
their ]>a rent- forms until tlic}" have been modified and perfected 
in some considerable degree. According to this view, the 
chance of discovering in a formation in any one country all the 
early stages of transition between any two such forms is small, 
for the successive changes arc supposed to have been local, or 
confined to some one spot. Most marine animals have a wide 
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range ; and we have seen that with plants it is tliose which 
have the widest range, tliat oftenest present varieties; so that, 
with sliells and otlicr marine animals, it is probable that those 
which have had tlic widest range, far exceeding the limits of 
tlie kno^^^l geological formations of Europe, have oftenest given 
rise, first to local varieties, and ultimately to new species; and 
this again would greatly lessen the chance of our being able 
to trace the stages of transition in any one geological for- 
mation. 

It is a more important consideration, leading to the same 
result, as lately insisted on by Dr. Falconer, namely, that the 
period during which each species underwent modification, 
though long as measured by years, was, from the reasons 
lately assigned, probably short in comparison with that during 
which it remained without undergoing any change. 

It .should not be forgotten that, at the present day, witli 
]3crfect specimens for examination, two forms can seldom be 
connected by intermediate varieties, and thus proved to be the 
same spccic^s, until many specimens arc collected from many 
]daccs ; and, in the case of fossil species, this can rarely be 
effected by paleontologists. AVe shall, perhaps, best perceive 
the improbability of our being enabled to connect species by 
numerous fine, intermediate fossil links, by asking ourselves 
wdiether, for instance, geologists at some future period will be 
able to prove that our different breeds of cattle, sheep, horses, 
and dogs, arc descended from a single stock or from several 
aboriginal stocks ; or, again, whether certain sea-shells inhabit- 
ing the shores of North America, Avhich arc ranked by some 
conchologists as distinct species from their European represent- 
atives, and by other conchologists as only varieties, arc reall}^ 
varieties, or art', as it is called, specifically distinct. This could 
be effected only by the future geologist discovering in a fossil 
stale nnmerons intermediate gradations; and such success is 
imjirobable in the highest degree. 

It 1 las been asserted over and over again, by writers who 
believe in the immutability of species, tliat geology yields no 
linking form.s. This assertion is entirel}' erroneous. As Sir 
,1. Enbbock has nnnark(‘d, “Every sjiecic's is a link betwiv'n 
other allied forms.” AVe clearly see this if we take a genus 
having a score of recent and extinct species and destroy' four- 
fifths of them ; for in this case* no one doubts that tli(‘ remain- 
der will stand much more distinct from each other. If tlie ex- 
treme forms in the genus haj>ju‘ii to have been thus destroyed, 
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the genus itself in most cases will stand more distinct from 
other allied genera. The camel and the pig, or the horse and 
the tapir, are now obviously very distinct forms ; but if we add 
the several fossil quadrupeds which have already been discov- 
ered to the familit^s including the camel and pig, these forms 
become joined b}’' links not extremely wide apart. The chain 
of linking forms docs not, however, in these cases, or in any 
case, run straight from the one living form to the other, but 
takes a circuitous sweep through the forms which lived during 
long-past ages, ^yhat geological research has not revealed, 
is the former existence of infinitely numerous gradations, as 
fine as existing varieties, connecting nearly all our existing 
species with extinct species. But this ought not to be ex- 
])ected ; yet this has been repeatedly advanced as a most 
serious objection against my views. 

It ma}^ be worth while to sum up the foregoing remarks on 
the causes of the imperfection of the geological record under 
an imaginary illustration. The jMalay Archipelago is about 
the size of PAirope from the North Cape to the Mediterranean, 
and from Britain to Russia; and therefore equals all tlie geo- 
logical formations which have been examined with any accu- 
racy, excepting those of the United States of America. I fully 
agree with ^Ir. Godwin-Austen, that the present condition of 
the Mala}^ Archipelago, with its numerous large islands sep- 
arated by wide and shallow seas, probably represents the for- 
mer state of Europe, while most of our formations were accu- 
mulating. The Malay Archipelago is one of the richest re- 
gions of the Avhole world in organic beings ; yet, if all the 
species were to be collected which have ever lived there, how 
imperfectly would they represent the natural history of the 
world ! 

But wo have every reason to believe that the terrestrial 
productions of the archipelago would be j^ireserved in an ex- 
tremely imperfect manner in tlie formations which we suppose 
to be there accumulating. Not many of the strictlj^ littoral 
animals, or of those which lived on naked submarine rocks, 
would be embedded ; and those cinbcddcd in gravel or sand 
would not endure to a distant epoch. AVherever sediment did 
not accumulate on the bed of the sea, or where it did not accu- 
mulate at a sulTicient rate to protect organic bodies from decay, 
no remains could be preserved. 

Formations rich in fossils of many kinds, and of thick- 
ness sulhcicnt to last to an age as distant in futurity as 
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the secondary formations lie in the past, wonld generally 
be formed in tlie archipelago only during periods of subsi- 
dence. These periods of subsidence would be separated 
from each other by immense intervals of time, during which 
the area would be either stationary or rising ; \vhile rising, 
tlic fossiliferous formations on tlic steeper shores would be 
destroyed, almost as soon as accumulated, by the incessant 
coast-action, as wc now see on tlie shores of Soutli America; 
even throughout tlic extensive and shallow seas witliin the 
archipelago sedimentary beds eould hardly be accumulated 
of great thickness during tho periods of elevation, or become 
ca]iped and protected by subsccpient deposits, so as to have 
a good cliance of enduring to a very distant future. During 
the periods of subsidence, there would probably be much ex- 
tinction of life; during the periods of elevation, there would 
be much variation, but the geological record would then be 
least perfect. 

It may be doubted whether the duration of any one 
great period of subsidence over the whole or ])art of the 
archipelago, together with a contemporaneous accumulation 
of sediment, would exceed the average duration of the same 
specific forms ; and these contingencies are indispensable for 
the preservation of all the transitional gradations between 
any two or more species. If such gradations were not all 
fully preserved, transitional varieties would merely appear 
as so many new and distinct s]iecios. It is also probable 
that each great period of subsidence would be interrupted 
by oscillations of level, and that slight climatal changes 
would intervene during such lengthy periods ; and in these 
cases the inhabitants of the archipelago would migrate, and 
no closely-conseeutivc record of their modifications could be 
])rcscrved in any one formation. 

^Vry many of the marine inhabitants of the archijielago 
now range thousands of miles beyond its confines ; and 
analogy plainly leads to the belief that it would be chiefly 
these far-ranging species, though only some of them, which 
would oftenest produce new varieties ; and the varieties 
would at first generally be local or confined to one ])lace ; 
but if jmssessed of any decided advantage, or when further 
modified and improved, they would slowly spread and supplant 
their parent-forms. ^Vhen such varieties returned to their 
ancient homes, as they would difier from tlu'ir former state, 
in a uearly-iinifonn, though perliaps extremely-slight degree. 
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and as they would be found embedded in sliglitly-dificrent 
sub-stages of the same formation, they ^voulcl, aceording to 
the principles followed by many paleontologists, bo ranked 
as new and distinct species. 

If, then, there be some degree of truth in these remarks, 
we have no right to expect to find, in our geological for- 
mations, an infinite number of those fine transitional forms 
which, on our theory, have conneetod all the past and present 
species of the same gioup into one long and branching 
chain of life. We ought only to look for a few links, ami 
such assuredly we do find — some more distantly, some more 
closely, related to each other; and these links, let them be 
ever so close, if found in different stages of the same forma- 
tion, would, by many paleontologists, be ranked as distinct 
species. I3ut I do not pretend that I should ever have suspect- 
ed how poor was the record in the best presert'ed geologi- 
cal sections, had not the absence of innumerable transitional 
links between the species which lived at the commencement 
and close of each formation, pressed so hardly on my theory. 



Oil the sudden Appearance of ichole Groups of allied 
Specks, 

The abrupt manner in which whole groups of species 
suddenly appear in certain formations, has been urged by 
several ]>alcontologists — for instance, by Agassiz, Pictet, and 
Sedgwick — as a fatal objection to the belief in the trans- 
inntation of species. If numerous species, belonging to the 
same genera or families, have really started into life at 
once, the fact would be fatal to the theory of descent with 
slow modification through natural selection. For the devel- 
opment of a group of forms, all of which have descended 
from some one progenitor, must have been an extremely slow 
process; and the progenitors must have lived long ages 
l)cfore tlieir modified descendants. 13ut we continually over- 
rate the perfection of the geological record and falsely infer, 
because certain genera or families have not been found 
beneath a certain stage, that they did not exist before tliat 
stage. In all cases positive jialeontological evidence may 
be implicitly trusted ; negative evidence is worthless, as 
('xperience has so often shovui. AVe continually forget how 
large the world is, compared with the area over which our 
geological formations have been carefully examined ; we 



Chap. IX. 



GKOUPS OF ^VLLIED SPECIES. 



287 



forget that gi-oiips of species may elsewhere have long 
existed, and have slowly multiplied, before they invaded 
the ancient arehijiclagoes of Europe and the United States. 
We do not make due allowance for the enormous intervals 
of time wliich have elapsed between our consecutive forma- 
tions — longer perhaps in many cases tlian the time rerpiired 
for the accumulation of each formation. These intervals 
will have given time for the multiplication of species from 
some one or some few parent- forms ; and in the succeeding 
formation such groups of species will appear as if suddenly 
created, 

I may here recall a remark formerly made, namely, that 
it might rcciuirc a long succession of ages to adapt an or- 
ganism to some new and peculiar line of life, for instance, 
to lly throngli tlie air; and consequently that the transition- 
al forms would often remain confined to some one region ; 
but that, when this adaptation had once been cficcted, and 
a few species had thus acquired a great advantage over 
other organisms, a comparatively short time would be neces- 
sary to produce many divergent forms, which would spread 
rapidly and widely throughout the world. Prof. Pictet, 
in his excellent review of this work, in commenting on 
early transitional forms, and taking Inrds as an illustration, 
cannot see how the successive modifications of the ante- 
rior lim])s of a supposed j^rotoUqoe could possibly have l^eeii 
of any advantage. But look at the penguins of the Southern 
Ocean ; have not these birds their front limbs in this precise 
intermediate state of “neither true amis nor true wings?” 
Yet these birds hold their ])lace victoriously in the battle 
for life; for they exist in infinite numbers and of many kinds. 
I do not supjiose that we here see the real transitional 
grades through whicii the wings of birds have passed ; but 
what special diniculty is there in believing that it might 
profit the modified descendants of the penguin, first to become 
(‘iiabled to flap along the surface of the sea like the logger- 
headed duck, and ultimately to rise from its surface and glide 
through the air ? 

I will now give a few examples to illustrate the fore- 
going remarks, and to show how liable we are to error in 
supposing that whole groujis of species have suddenly been 
produced. Even in so short an interval as that between the 
lirst and second editions of Pictet’s great work on Paleon- 
tology, ]inblished in 1844-’4G and in 18j3~’57, the eonelusioiis 
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on tlie first appearance and disappearance of several groups 
of animals have been considerably modified ; and a third 
edition v'oiild reciuirc still further changes. I may recall 
the well-known fact that in geological treatises, published 
not many years ago, mammals were always spoken of as 
having abruptly eomc in at the commencement of the tertiary 
series. And now one of the richest known accumulations of 
fossil mammals, for its thickness, belongs to the middle of 
the secondary series ; and true mammals have been discov- 
ered in the new red sandstone at nearly the commencement of 
this great series. Cuvier used to urge that no monkey oc- 
curred in any tertiary stratum ; but now extinct species have 
been discovered in India, South America, and in Europe, as far 
back as the mioccne stage. Had it not been for the rare acci- 
dent of the preservation of footsteps in the new red sandstone 
of the United States, who would have ventured to suppose 
that, besides reptiles, no less than at least thirty kinds of birds, 
some of gigantic size, existed during that ]3eriod ? Not a frag- 
ment of bone has been discovered in these beds. Notwith- 
standing that the number of joints shown in the fossil impres- 
sions corresponds ^\^th the number in the several toes of living 
birds’ feet, some authors doubt whether the animals which left 
these impressions were really birds. Until quite recently these 
authors might have maintained, and some have maintained, that 
the whole class of birds came suddenly into existence during 
the eocene period ; but now we know, on the authority of 
Prof. Owen, that a bird certainly lived during the deposition 
of the upper greensand ; and still more recently, that strange 
bird, the Archeopteryx, with a long, lizard-like tail, bearing a 
])air of feathers on each joint, and with its wings furnished with 
two free claws, has been discovered in the oolitic slates of So- 
lenhofen. Hardly any recent discovery shows more forcibly 
than this, how little we as yet know of the former inhabitants 
of the world, 

I may give another instance, wliich, from hating ]iassed un- 
der my own eyes, has much struck me. In a memoir on Fossil 
Sessile Cirripedes, I have stated that, from the large number 
of existing and extinct tertiary species ; from the extraordinary 
abundance of the inditiduals of man}" species all over the world, 
from the Arctic regions to the equator, inhabiting various 
zones of depths from the iip|>er tidal limits to 50 fathoms; from 
the perfect manner in which specimens arc preserved in the 
oldest tertiary beds ; from the ease with which even a frag- 
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mcnt of a valve can l^e rccognizcfl ; from all tlicse circum- 
stances, I infer that, had sessile cirri pedes existed during the 
secondary periods, the}' would certainly liavc been preserved and 
discovered ; and as not one species had then been discovered in 
Dcds of this age, I concluded that this great group had been 
suddenly developed at tlic connncnceincnt of tlie tertiary series. 
This was a sore trouble to me, adding as I thought one more 
instance of the abrupt appearance of a great group of species. 
But my work had hardly been published, when a skilful pale- 
ontologist, Bosquet, sent me a drawing of a perfect s])cci- 
Tuen of an unmistakable sessile cirripede, which he had him- 
self extracted from the chalk of Belgium. And, as if to make 
the case as striking as possible, this sessile cimpede was a 
Chlhamalus, a very common, large, and ubiquitous genus, of 
whicli not one specimen has as yet been found even in an}' tcr- 
tiiiry stratum. Hence we now positively know that sessile 
cirripedes existed during the secondary period ; and these cir- 
ripedes might have been the progenitors of our many tertiary 
and existing species. Still more recently Tyrgoma has been 
discovered by Mr, AVoodward in the upper chalk. 

The case most frequently insisted on by paleontologists of 
the apparently sudden appearance of a whole group of species, 
is that of the tcleostean lishes, low down in the Chalk period. 
This group includes the large majority of existing species. 
Lately, Prof. Pictet has carried their existence one sub-stage 
further back ; ami some paleontologists believe that certain 
much older fishes, of which the aflinitics are as yet imperfectly 
known, arc really tcleostean. Assuming, however, that the 
whole of them did appear, as Agassiz maintains, at the com- 
mencement of the chalk formation, the fact would certainly bo 
highly remarkable ; but I cannot see that it would be an in- 
superable objection to these views, unless it could likewise bo 
shown that tlic s])eeies of this group appeared suddenly and 
simultaneously throughout the world at this same ]M^riod. It 
is almost superlluous to remark that hardly any fossil-fish arc 
known from south of the equator; and by running through 
Pictet’s Paleontology it will be seen that \ ery few species arc 
known from several formations in Eurojie. Some few families 
of fish now have a confined range; the tcleostean fish might 
formerly have had a similarly confined range, and alter having 
been largely d('veloj)cd in some one sea, might have spread 
widel}'. Nor have we any right to suppose tliat the seas of 
tle^ world have always been so freely ojicn from eoiitli to north 
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as they are at present. Even at this day, if the ]\Ialay Arclii 
pelago -were converted into land, the troi>ical parts of the In- 
dian Ocean would form a large and perfectly-enclosed basin, 
in which any great group -of marine animals might be miilti- 
])lied ; and fiere they would remain confined, until some of the 
species became adaj)ted to a cooler climate, and were enabled 
to double the southern capes of Africa or Australia, and thus 
reach other and distant seas. 

From these considerations, from our ignorance of the geol- 
ogj^ of other countries beyond the confines of Europe and the 
United States, and from the revolution in our paleontological 
knowledge efl’ected by the discoveries of the last dozen years, 
it seems to me to be about as rash to dogmatize on the succes- 
sion of organic forms throughout the world, as it would lie for 
a naturalist to land for five minutes on a barren point in Aus- 
tralia, and then to discuss the number and range of its produc- 
tions. 

0)1 the sudden Appearcuice of Groups of allied Species hi 
the loxcest Joioicn Jd'ossiUfei'ous Sti-ata. 

There is another and allied difBcul ty, which is much more 
serious. I allude to the manner in which many species in sev- 
eral of the main divisions of the animal kingdom suddenly 
appear in the lowest known fossiliferous rocks. ^lost of the 
artruments which have convinced me that all the existing* 
species of the same group arc descended from a single pro^ 
genitor, a]i]^ly with nearly equal force to the earliest known 
species. For instance, it cannot be doubted that all the Silu- 
rian trilobites are descended from some one crustacean, which 
must have lived long before the Silurian age, and which ])rob- 
ably differed greatly from any known animal. Some of the 
most ancient Silurian animals, as the Nautilus, Lingula, etc., 
do not difler much from living species; and it cannot on our 
theory be supposed that these old species were the progenitors 
of all the species belonging to the same groups which have 
subsequently a]:>peared, for they are not in any degree inter- 
mediate in character. 

Consequently, if the theory be true, it is indisputable 
that, before the lowest Silurian or Cambrian stratum was de- 
posited long periods elapsed, as long as, or ])robably far longer 
than, the whole interval from the Cambrian age to the present 
day; and that during these vast periods the world swtirmed 
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with livinp: creatures. Here we encounter a fonnichiljlc objec- 
tion ; for it seems doubtful whether the earth in a tit state for 
the habitation of livinp^ creatures lias lasted lon^ enough. Sir 
AV. Thompson concludes that the consolidation of the crust can 
hardly have occurred less than 20 or more than 400 million 
years ago, but jirobably not less than 98 or more than 200 mill- 
ion years. These very wide limits show how doubtful the 
data are ; and other elements may have to be introduced into 
the problem. Air. Croll estimates that about 00 million years 
have cla])scd since the Cambrian period, but this, judging from 
the small amount of organic change since the commencement 
of the Glacial epoch, seems a very short time for the many and 
great mutations of life, which have certainly occurred since the 
Cambrian formation ; and the previous 140 million years can 
hardly be considered as sulhcient for the development of th(3 
varied forms of life which certainly existed toward the close of 
the Cambrian period. It is, however, probable, as Sir 
Thompson insists, that the world at a very early j^criod was 
subjected to more rapid and violent changes in its physical con- 
ditions than those now occurring; and such changes would 
have led to corrcs])onding rapid changes in the organic beings 
whicli inhabited the world at tliis remote period. 

To the question why we do not find rich fossiliferous de- 
posits ])clonging to these assumed earliest periods, I can give 
no satisfactory answer. Several eminent geologists, with Sir 
li. Alurchison at their head, were until recently convinced that 
we beheld in the organic remains of the lowest Silurian stratum 
the first dawn of life. Other highly-compctcnt judges, as Lyell 
and K. Forbes, have disputed this conclusion. We should not 
forget that onl}' a small j)ortion of the world is known with ac- 
curacy. Not long ago, AI. Barrande added another and lower 
stage, abounding with new and peculiar species beneath the 
old Silurian system. Bemnants of several forms have also 
been detected beneatli Ihirrandc’s so-called primordial zone in 
the Longmynd group, now divided into two stages, and con- 
stituting the Lower Cambrian system. The presence also of 
])hosphatic nodules and bituminous matter in some of the low- 
est azoic rocks, ]wobably indicates life at these p(*riods. Now 
the great discovery of the Eozoon in the Lanrentian formation 
of Canada has been made, for, after reading Dr, Carpenter’s 
description of this fossil, it is scarcely possible to doubt regard- 
ing its organic nature. Then' are tliree great series of strata 
beneath tlie Silurian sysiiun in Canada, in the lowest of which 
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the Eozoon -svas foiiiul ; and Sir W. Lo^an states that their 
“ united thickness may possibly far surpass that of all the suc- 
ceeding rocks, from the base of the paleozoic series to the pres- 
ent time. AVc are thus carried back to a ]icriod so remote, 
that the appearance of the so-called Primordial fauna (of 
Barrande) may by some be considered as a comparatively 
modern event.” The Eozoon belongs to the most lowly or- 
ganized of all classes of animals, but for its class is highly organ- 
ized ; it existed in countless numbers, and, as Dr, Dawson has re- 
marked, certainly preyed on other minute organic beings, which 
must have lived in great mimbers. Thus the words, which I 
wrote in 1859, about the vast periods which had probably 
elapsed before the Cambrian system, are almost the same with 
those since used by Sir W. Logan. Nevertheless, the dilTiculty 
of assigning any good reason for the absence beneath the u])- 
per Cambrian formations of vast piles of strata rich in fossils, 
is very great. It does not seem probable that the most an- 
cient beds have been quite worn away by denudation, or that 
their fossils have been wholly obliterated by mctainorphic ac- 
tion, for if this had been the case we should have found only 
small remnants of the formations next succeeding them in age*, 
and these would ahva 3 ’s have existed in a ])artiall 3 ’-mctanior- 
])hosed condition. But the descriptions which we possess of 
the Silurian deposits over immense territories in Pussia and in 
North America, do not siqiport the view, that the older a for- 
mation is, the more it has invariably sufTcred extreme denuda- 
tion and mctamor])hism. 

The case at present must remain inexplicable ; and may be 
truly urged as a valid argument against the views here enter- 
tained. To show that it may hereafter receive some explana- 
tion, I will give the following hypothesis: From the nature ot 
the organic remains which do 7iot ap])car to have inhabited 
profound depths, in the several formations of Europe and of 
the United States; and from the amount of sediment, miles in 
thickness, of which the formations are composed, we may 
infer that from first to last large islands or tracts of land, 
whence the sediment was derived, occurred in the neighbor- 
hood of tlic now existing continents of Europe and North 
America. But we do not know what was the state of things 
in the intervals between the several successive forimitions ; 
whether Europe and the United States during these intervals 
existed as dry land, or as a submarine surface near land, on 
which sediment was not deposited, or as the bed of an open 
ar.d imfathomalde sea. 
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Lookin;^ to tlie cxistuig oceans, whicli arc thrice as exten- 
sive as tlie laiitl, we see them studded with many islands; but 
not one truly oceanic island (with the exception of New Zea- 
land, if this can be called a truly oceanic island) is as yet known 
to alTord even a remnant of any ])aleozoic or secondary forma- 
tion. lienee we may pcrha])s infer that, during* the paleozoic 
and secondary periods, neither continents nor continental islands 
existed where our oceans now extend ; for had they existed, 
]>alcozoicand secondary formations would in all probability have 
been accumulated from sediment derived from their wear and 
tear; and these would have been at least partially upheaved 
by the oscillations of level, which must have intervened during 
these cnormously-long periods. If, then, we may infer any 
thing from these facts, we may infer that, where our oceans 
now extend, oceans have extended from the remotest period of 
which we have any record; and, on the other hand, that where 
cohtinents now exist, large tracts of land have existed, subjected 
no doubt to great oscillations of level, since the earliest Silurian 
j>criod. The colored map appended to my volume on Coral 
iicefs led me to conclude that the great oceans arc still mainly 
areas of subsidence, the great archipelagoes still areas of oscil- 
lations of level, and the continents areas of elevation. I3ut we 
have no reason to assume that things have thus remained from 
the beginning of the world. Our continents seem to have been 
formed by a preponderance, during mau}^ oscillations of level, 
of the force of elevation ; but may not the areas of preponder- 
ant movement have changed in the lapse of ages ? At a period 
long antecedent to the Silurian ejioch, continents may have ex- 
isted where oceans are now spread out ; and clear and open 
oceans may have existed where our continents now stand. Nor 
should we be justined in assuming that if, for instance, the bed 
of the Pacific Ocean were now converted into a continent, we 
should there find sedimentary formations in a recognizable con- 
dition older than the Silurian strata, supposing such to have 
been formerly deposited; for it might well happen that strata 
which had subsided some miles nearer to the centre of the 
earth, and which had been pressed on by an enormous weight 
of sujierincumbent water, might have undergone far more met- 
amorphic action than strata which have always remained 
nearer to the surface. The immense areas in some jiarts of the 
world, for instance in South America, of naked mctamorphic 
rocks, which must have been heated under great pressure, have 
always seemed to mctoref|uire some special explanation; and 
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we may perhaps believe that we see, in these large areas, the 
many formations long anterior to the Silurian epoch in a com- 
pletely metamorphosed and denuded condition. 

The several diniciiltics here discussed — namely, that, though 
we hud in our geological formations many links between the 
species which now exist and which formerly existed, we do not 
lind infinitely numerous fine transitional forms closely joining 
them all together; the sudden manner in which several whole 
groups of species first appear in our European formations ; 
the almost entire absence, as at present known, of formations 
rich in fossils beneath the Cambrian strata, arc all, undoubted- 
ly, of the most serious nature. A\^c see this in the fact that 
tlic most eminent paleontologists — namely, Cu^^c^, Agassiz, 
Barrande, Pictet, Falconer, E. Forbes, etc., and all our great- 
est geologists, as Lycll, Murchison, Sedg'wdck, etc., have unan- 
imously, often vehemently, maintained the immutability of 
species. But Sir Charles Lyell now gives the support of his 
high authority to the opposite side; and most other geologists 
and paleontologists are much shaken in their former belief. 
Those who believe that the geological record is in any degree 
perfect, will undoubtedly at once reject the theory. For my 
part, following out Lyell’s metaphor, 1 look at the geological 
record as a history of the world imperfectly kept, and written 
in a changing dialect ; of this history we possess the last vol- 
ume alone, relating only to two or three countries. Of this 
volume, only here and there a short cha])ter has been pre- 
served; and of each page, only here and there a few lines. 
Each word of the slowly-changing language, more or less dif- 
ferent in the successive chapters, may represent the forms of 
life, which arc entombed in our consecutive formations, and 
which falsely appear to us to have been abruptly introduced. 
On this view, the dilTicultics above discussed arc greatly dimin- 
ished, or even disappear. 
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CHAPTER X. 

OIx THE GEOLOGICAE SECCESSIO^T OF OnGA>HC BEIXGS. 

On Ihc Slow and Snccessivc Appearance of New Species— On their DifTcrent Ealoo 
of Change— Species once lost do not reappear— Groups of Species follow the 
same Gencml Kules in their Appearanee iiud Disappearance as do Single Species 
— On Extinction— On SlniuUaiieons Changes in the Forms of Life throughout 
the World— On the Afflnitics of Extinct Species to each other and to Living Spe- 
cies— On the Stale of Development of Ancient Forms— On the Succession of llio 
same Types within the same Areas— Summarj' of preceding and present Chapter. 

Let us now see whether the several facts and laws relatinp^ 
to the geological succession of organic beings better accord 
with the common view of the immutability of s]3ccies, or with 
that of their slow and gradual modification, through descent 
and natural selection. 

New species have a]3pcarcd very slowly, one after another, 
both on tlic land and in the waters. liyell has shown that it 
is hardly possible to resist the evidence on this head in the 
ease of the several tertiary stages; and every year tends to fill 
11 ]) the blanks between the stages, and to make the percentage 
system of lost and new forms more gradual. In some of the 
most recent beds, though undoubtedly of high antiquity if 
measured by years, only one or two species are extinct, and 
only one or two are new, having appeared there for the first 
lime, either locally, or, as far as we know, on the face of 
tlie earth. The secondary formations arc more broken; but, 
as Bronn has remarked, neither the appearance nor. disappear- 
ance of the many extinct species embedded in each formation 
has been simultaneous. 

Species of dificrent genera and classes hnve not changed 
at the same rate, or in the same degree. In the older tertiary 
beds a few living shells may still be found in the midst of a 
multitude of extinct forms. Falconer has given a striking in- 
stance of a similar fact, for an existing crocodile is associated 
with man}’’ lost mammals and reptiles in tlic sub-lliinalayan 
deposits. The Siluriau Lingula dilTers but little from the 
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species of tiiis p^enus ; 'whereiis most of the other Siln- 
rinn Molluscs and all the Crustaceans have changed greatly, 
ddie ])roductions of the land seem to change at a quicker rate 
than those of the sea, of which a strildng instance has lately 
been observed in Switzerland. There is some reason to believe 
that organisms high in the scale, change more quickly than 
those that are low ; though there are exceptions to this rule. 
The amount of organic change, as Pictet has remarked, is not 
the same in each successive so-called formation. Yet if avc 
compare any but the most closely-related formations, all the 
sjiccics Avill be found to have undergone some change. When 
a species has once disappeared from the face of the earth, we 
have no reason to believe that the same identical form ever 
reappears. The strongest apparent exception to this latter 
rule is that of the so-called “colonies” of M. Barrande, which 
intrude for a period in the midst of an older formation, and 
then allow the preexisting fauna to reappear; but Lycll’s ex- 
planation, namely, tliat it is a case of tcmjiorary migration 
from a distinct geographical province, seems to me satisfac- 
tory. 

These several facts accord well with our theory, which in- 
cludes no fixed law of development, causing all the inhabitants 
of an area to change abruptl}", or simultaneously, or to an equal 
degree. The process of modification must be slow, and Avill 
generally alTcct only a few species at the same time ; for the 
variability of each species is quite independent of that of all 
others. Whether such variations or individual diflerenccs as 
may arise will be accumulated through natural selection in a 
greater or less degree, thus causing a greater or less amount 
of iDermaiicnt modification, will depend on many complex con- 
tingencies — on the variations being of a bcnclicial nature, on 
the freedom of intercrossing, on the slowl}'-changing physical 
conditions of the country, on the immigration of new colonists, 
and on the nature of the other inhabitants with which the 
varying species come into competition. Hence it is by no 
means surprising that one species should retain the' same iden- 
tical form much longer than others ; or, if changing, that it 
should change in a less degree. We find similar relations be- 
tween the inhaliitants of distinct countries ; for instance, the 
land-sliells and coleopterous insects of Madeira have come to 
dillcr considerably from their nearest allies oh the continent 
cT Europe, whereas I he marine shells and birds have remained 
unaltered. We can perhaps understand the ajiparcntly quicker 
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rate of change in terrestrial and in more highly-organized j>ro- 
diictions compared with marine and lower productions, by the 
more complex relations of the higher beings to their organic 
and inorganic conditions of life, as explained in a former chap- 
ter. AVhen many of the inhabitants of an}' area have become 
modified and iinjirovcd, we can understand, on the principle of 
comj^etition, and from the all-important relations of organism 
to organism in the struggle for life, that any form which does 
not become in some degree modilied and improved, will be 
liable to extermination, lienee we see why all the sjiecies in 
the same region do at last, if we look to long-enough intervals 
of time, become modified, for otherwise they would become 
extinct. 

In members of the same class tlie average amount of 
change, during long and equal periods of time, may, pcrliaps, be 
nearly the same ; but as the accumulation of long-enduring for- 
mations, rich in fossils, depends on great masses of sediment 
being deposited on subsiding areas, our formations have been 
almost necessarily accumulated at wide and irregularly inter- 
mittent intervals of time ; consequently the amount of organic 
change exhibited by tlie fossils embedded in consecutive for- 
mations is not equal. Each formation, on this view, docs not 
mark new and complete act of creation, but only an occa- 
sional scene, taken almost at hazard, in an ever slowly-chan- 
ging drama. 

^Vc can clearly understand why a species when once lost 
should never reappear, even if the very same conditions of life, 
organic and inorganic, should recur. For though the ollsj^ring 
of one s])ecics might be adapted (and no doubt this has occurred 
in innumerable instances) to fill the place of another species' in 
tlie economy of Nature, and thus supplant it ; yet the two 
forms — the* old and the new — would not be identically th.e 
same ; for both would almost certainly inherit dilTcrent char- 
acters from their distinct progenitors, and organisms already 
din'ering woiild vary in a dilTeront maimer. For instance, it is 
just possible, if all our fantail jiigeons were destroyed, that 
finciers might mak(? a new breed hardly distinguishable from 
tlie present breed ; but if the parent rock-pigeon were likewise 
destroyed, and under Nature we have every reason to believe 
that j)arent-fonns are g(*nerally .supplanted and exterminated 
by their improved ollspring, it is incredible that a fantail, iden- 
tical with the existing breed, could be raised from any other 
species of pigeon, or even from any other well-established race 
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of the domestic jiigcoii, for tlic successive variations would al- 
most certainly be in some cle^cc dilTercntj and the newly- 
formed variety would probably inlicrit from its prog’cnitor some 
characteristic dilTcrcnccs. 

Groups of species, that is, genera and families, follow the 
same general rules in their appearance and disappearance as 
do single species, changing more or less quickly, and in a 
greater or lesser degree. A group, when it has once disap- 
peared, never reappears ; that is, its existence, as long as it 
lasts, is continuous. I am aware that there are some apparent 
exceptions to this rule, but the exceptions arc surprisingly fcAv, 
so few that E. Forbes, Pictet, and Woodward (though all 
strongl}^ opposed to such views as I maintain), admit its truth ; 
and the rule strictly accords with the theory. For all the 
species of the same group, however long it may have lasted, 
arc the modified descendants of each other, and of some com- 
mon progenitor. In the genus Lingula, for instance, the 
species which have successive!}^ appeared at all ages must have 
been connected by an unbroken scries of generations, from the 
lowest Silurian stratum to the present day. 

We have seen in the last chapter that many species of a 
group sometimes falsely appear to have come in abruptly in a 
body ; and I liavc attempted to give an explanation of this 
fact, which if true would be fatal to my \’icws. But such cases 
arc certainly cxccj")tional ; the general rule being a gi-adual in- 
crease in number, until the group reaches its maximum, and 
then, sooner or later, a gradual decrease. If the number of 
the species included within a genus, or the number of the gen- 
era within a family, be represented by a vertical line of vary- 
ing thickness, ascending through the successive geological for- 
mations in wliich the sjiccics arc found, the line will sometimes 
falsely appear to begin at its lower end, not in a sharp point, 
but abruptly ; it then gradually thickens upward, often keep- 
ing for a space of equal thickness, and ultimately thins out in 
the upper l3cds, marking the decrease and final extinction of the 
species. This gradual increase in number of the species of a 
group is strictly conformable with the theory, for the species 
of the same genus, and the genera of the same family, can in- 
crease only slowlj" and progressively; the process of modifica- 
tion and the production of a number of allied forms necessarily 
being a slow and gradual process — one species first giving 
rise to two or three varieties, these being slowly converted in- 
to species, which in their turn produce by equally slow steps 
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otlicr varieties and species, and so on, like tlie brandling of a 
great tree from a single stem, till the group becomes large. 

0)1 Kxii)xctlo)i, 

AVe have as yet spoken only incidentally of the disappear- 
ance of species and of groups of species. On the theory of 
natural selection the extinction of old forms and the produc- 
tion of new and improved forms are intimately connected to- 
gether. The old notion of all the inhabitants of the earth hav- 
ing been swcj)t away by catastrophes at successive periods is 
very generally given up, even by those geologists, as Elie de 
Beaumont, Alurcliison, Barrande, etc., whose general views 
would naturally lead them to this conclusion. On the contraiy, 
we have every reason to believe, from the study of the tertiary 
formations, that species and groups of species gradually disap- 
pear, one after another, first from one sjiot, then from another, 
and finally from the world. In some few cases, however, as by 
the breaking of an isthmus and the consequent irruption of a 
multitude of new inhabitants into an adjoining sea, or by the 
final subsidence of an island, the process of extinction may have 
been rapid. Both single species and whole groups of species 
last for very unequal periods ; some groups, as we have seen, 
have endured from the earliest known dawn of life to the pres- 
ent day ; some have disappeared before the close of the paleo- 
zoic period. No fixed law seems to determine the length of 
time during which auy single species or any single genus en- 
dures. There is reason to believe that tlic extinction of a 
whole group of species is generall}" a slower process than their 
production: if their appearance and disappearance be repre- 
sented, as before, by a vertical line of varying thickness, the 
line is found to taper more gradually at its iqiper end, which 
marks the progress of extermination, than at its lower end, 
which marks the first appearance and the early increase in 
number of the species. In some cases, however, the extermina- 
tion of whole groups, as of ammonites toward the close of the 
secondary period, has been wonderfully sudden. 

The extinction of species has been involved in the most 
gratuitous mystcr}'. Some authors have even supposed that, 
as the individual has a definite length of life, so liave species 
a definite duration. No one can have marvelled more than I 
have done at the extinction of species. AVhen I found in La 
Plata the tooth of a horse embedded with the remains of Mas- 
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todon, Mcgatlicriiim, Toxodoii, and other e.xliiiet monsters, 
'vvliieli all coexisted with still living shells at a very late geolo- 
gical period, I was fdlcd \vith astoiiishuicnt ; for, seeing that 
the horse, since its introduction by the Spaniards into South 
America, has run wild over the whole country, and has in- 
creased in numbers at an iinj^arallcled rate, I asked myself 
Avhat co\ild so recently have exterminated the former horse \m- 
dcr conditions of life apparently so favorable. But my aston- 
ishment was groundless. Prof. Owen soon perceived that the 
tooth, though so like that of the existing horse, belonged to 
an extinct species. Had this horse been still living, but in 
some degree rare, no naturalist would have felt the least sur- 
prise at its rarity; for rarity is the attribute of a vast number 
of species of all classes, in all countries. If we ask ourselves 
why this or that species is rare, we answer that something is 
unfavorable in its contlitions of life; but what that something 
is, Avc can hardly ever tell. On the supposition of the fossil- 
horse still existing as a rare species, we might have felt certain, 
from the analogy of all other mammals, even of the slow-breed- 
ing clc]»hant, and from the history of the naturalization of the 
domestic horse in South America, that, under more favorable 
conditions, it would, in a very few years, have stocked the 
whole continent. But we could not have told what the un- 
favorable conditions were which checked its increase, whether 
some one or several contingencies, and at Avhat period of the 
horse’s life, and in what degree, they severally acted. If the 
conditions had gone on, however slowly, becoming less and 
less favorable, we assuredly should not have perceived the fact, 
yet the fossil-horse would certainly have become rarer and 
rarer, and finally extinct — its place being seized on by some 
more successful competitor. 

It is most dhlicult always to remember that the increase 
of every creature is constantly being checked by imperccived 
hostile agencies ; and that these same unpcrccivcd agencies 
arc amply sufficient to cause rarity, and finally extinction. So 
little is this subject understood, that I have heard surprise re- 
peatedly expressed at such great monsters as the ^lastodon 
and the more ancient Dinosaurians lumng become extinct; as 
if mere bodily strength gave victory in the battle of life. Merc 
size, on the contrary, would in some cases determine, as has 
been remarked by Owcn,c|uickcr extermination from the greater 
amount of requisite food. Before man inhabited India or Africa, 
some cause must have checked the continued increase of the 
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existiii"- cle})li:ml. A liig-lily-capable judge, Dr. Falconer, be- 
lieves that it is cliieily insects wliich, from incessantly Imrass- 
ing and weakening the elephant in India, clieck its increase ; 
and this was ljrncc\s conclusion with respect to the African 
elephant in Al)yssinia. It is certain that insects and blood- 
sucking bats determine the existence of the larger naturalized 
quadrupeds in several ])aits of South America. 

AVe sec in many cases in the more recent tertiary forma- 
tions, tliat rarity ])recedes extinction; and we know that this 
has been the progress of events with those animals which have 
been extcrniinatcd, (‘itlier locally or wholly, througli man’s 
agency. I may repeat wiiat 1 published in 1845, namely, that 
to admit that sjiccics generally become rare before they be- 
come extinct — to feel no surprise at the rarity of a species, 
and yet to marvel gi’catly when the species ceases to exist, is 
much the same as to admit that sickness in the individual is 
t]ic forerunner of death — to feel no snq^risc at sickness, but, 
when tlic sick man dies, to wonder and to suspect that he died 
by some deed of violence. 

The theory of natural selection is grounded on the belief 
that each new variety, and ultimately each new sjiccies, is pro- 
duced and maintained by having some advantage over those 
with which it comes into competition ; and the consequent 
extinction of the less-favored forms almost inevitably follows. 
It is the same with our domestic productions; when a new 
and slightl 3 ’-improvcd variety has been raised, it at first suji- 
plants the less improved varieties in the same neighborhood; 
when much improved, it is transported far and near, like our 
sliort-horn cattle, and takes the jilace of other breeds in other 
countries. Thus the appearance of new forms, and the disap- 
])carancc of old forms, both those naturall}^ and those artifi- 
cially produced, arc bound together. In nourishing groups, 
the number of new specific forms whicli have been produced 
within a given time, lias at some periods probably been greater 
than the number of the old s])ecific forms which have been ex- 
terminated; but we know that species have not gone on indefi- 
nitely increasing, at least during the later geological epochs ; 
so that, looking to later times, we mav believe that the pro- 
duction of new forms has caused the extinction of about the 
same number of old forms. 

The conijictitifin will gcncrall}’ be most severe, as formerl}" 
explained and illustrated by examples, between the forms 
which arc most like each other in all respects. Hence the 
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improved and modified descendants of a species will generally 
cause the extermination of the parent-species ; and if many new 
forms have been developed from any one species, the nearest 
allies of that species — i. c., the species of the same genus — will 
he the most liable to extermination. Thus, as 1 believe, a 
number of new species descended from one species, that is, a 
new genus, comes to supplant an old genus, belonging to the 
same family. But it must often have happened that a ne^\ 
species belonging to some one group has seized on the place 
occupied by a species belonging to a distinct group, and thus 
have caused its extermination. If many allied forms be de- 
veloped from the successful intruder, many will have to }deld 
their places ; and it will generally be the allied forms which 
Avill suffer from some inherited inferiority in common. But 
whether it be species belonging to the same or to a distinct 
class, which have yielded their places to other modified and 
improved species, a few of the sufferers may often be preserved 
for a long time, from being fitted to some peculiar line of life, 
or from iiiliabiting some distant and isolated station, where 
they will have escaped severe competition. For instance, 
some species of Trigonia, a great genus of shells in the second- 
ary formations, survive in the Australian seas; and a few mem- 
bers of the great and almost extinct group of Ganoid fishes 
still inhabit our fresh waters. Therefore the utter extinction 
of a group is generally, as we liave seen, a slower process than 
its jiroduction. 

With respect to the apjDarently sudden extermination of 
Avholc families or orders, as of Trilobites at the close of the 
paleozoic period and of Ammonites at the secondary period, 
we must remember what has been already said on the probable 
wide intervals of time between our consecutive formations ; 
and in these intervals there may have been much slow exter- 
mination. ^Moreover, Avhen, by sudden immigration or by im- 
usually rapid development, many species of a new group have 
taken possession of an area, many of the older species 'wall have 
been exterminated in a correspondingly rapid maimer; and the 
forms which thus yield their places vrill commonly be allied, 
for they will partake of the same inferiority in common. 

Thus, as it seems to me, the manner in which single species 
and whole groups of species become extinct accords well with 
the theory of natural selection. AVc need not marvel at ex- 
tinction ; if wo must marvel, let it be at our own ])rcsuinption 
in imagining for a moment tliat wc understand the many com- 
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plex contingencies, oji which tlie existence of each species dc- 
])cnds. If Ave forget, for an instant, that eacli sj^ecies tends to 
ricrease inordinately, and that some check is alwa}’s in action, 
yet seldom perceived by ns, the whole economy of Nature will 
be utterly obscured. AVhenever we can precisely say why this 
species is more abundant in individuals than that; why this 
species and not another can be naturalized in a given country; 
tlicii, and not until then, we may justly feel surprised M'hy we 
cannot account for the extinction of any ])articular species or 
any group of species. 



0)1 the Iwnns of Jjifc chcu^rjbxff ahnost si}miUcuieoushj 
throughout the Wox'ld, 

Scarcely any paleontological discovery is more striking 
than the fact that the forms of life change almost simultane- 
ously throughout the world. Thus our European Chalk for- 
mation can be recognized in many distant parts of the world, 
under the most diUcrcnt climates, where not a fragment of the 
mineral chalk itself can be found ; namely, in North America, 
in equatorial South America, iii Ticrra del F uego, at the Cape 
of Good Hope, and in the peninsula of India. For, at these 
distant points, the organic remains in certain beds present an 
unmistakable resemblance to those of the Chalk. It is not that 
the same species are met with ; for in some cases not one 
species is identically the same, but they belong to the same 
families, genera, and sections of genera, and sometimes arc 
similarl}^ characterized in such trilling points as mere superficial 
sculjitiire. Moreover, other forms, which are not found in the 
Chalk of Europe, but which occur in the formations cither above 
or below, occur in the same order at these distant points of the 
world. In the several successive paleozoic formations of Rus- 
sia, Western Europe, and North America, a similar parallelism 
in the forms of life has been observed by several authors : so it 
is, according to Lycll, with the several European and North 
American tertiary deposits. Even if the few fossil species 
which arc common to the Old and New AVorlds were kept 
wliolly out of view, the general parallelism in the successive 
forms of life, in the ])aleozoic and tertiary stages, would still 
b(* manifest, and the several formations could be easily corre- 
lated. 

These observations, however, relate to the marine inhabit- 
ants of the world: we have not sunicient data to judge \vhcther 
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the productions of ilie land and of fresh water at distant points 
chanp^c in the same parallel manner. AVc ma}" doubt whether 
they have thus changed : if the Megatherium, Milodon, Macra- 
iichenia, and Toxodoii had been brought to Europe from La 
Plata, without any information in regard to their geological 
position, no one would have suspected that they had coexisted 
with sca-shells all still living; but as these anomalous monsters 
coexisted with the Mastodon and Horse, it might at least have 
been inferred that they had lived during one of the later ter- 
tiary stages. 

When the marine forms of life are spoken of as having 
changed simultancousl}' throughout the world, it must not be 
supposed that this cx])ressipn relates to the same thousandth 
or ten-thousandth }'ear, or even that it has a very strict geologi- 
cal sense ; for if all the marine animals now living in Europe, 
and all those that lived in Europe during the pleistocene period 
(a very remote period as measured by years, including the 
whole glacial epoch) were compared with those now existing 
in South America or in Australia, the most skilful naturalist 
would hardly be able to say whether the present or the pleis- 
tocene inhabitants of Europe resembled most closel}^ those of 
the southern hemisphere. So, again, several highl>'-competent 
observers maintain that the existing productions of the United 
States are more closely related to those which lived in Europe 
during certain late tertiary stages, than to the present inhabit- 
ants of Europe; and if this be so, it is e\ddent that fossilifer- 
oiis beds now being dc]‘)Osilcd on the shores of North America 
would hereafter be liable to be elassed with somewhat older 
European beds. Nevertheless, looking to a remotely future 
epoch, there can be little doubt that all the more modern ‘ma- 
rine formations, namely, the upper iiliocene, the pleistocene 
and strictly modern beds, of Europe, North and South Amer- 
ica, and Australia, from containing fossil remains in some de- 
gree allied, and from not including those forms which are found 
only in the older underlying dejiosits, would be correetly 
ranked as simultaneous in a geological sense. 

The fact of the forms of life changing simultaneously, in the 
above large sense, at distant parts of the world, has greath’ 
struck those admirable observers, MM. de Verneiiil and d’Arch- 
iac. After referring to the parallelism of the paleozoic forms 
of life in various ])arts of Europe, thcy’add : “ If, struck by this 
strange sequence, we turn our attention to North America, 
and there discover a series of analogous idienomcna, it will 
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iip])car certain that all these modifications of species, tlieir ex- 
tinction, and the introduction of new ones, cannot be owinp^ to 
mci'c chan^-es in marine currents or other eanscs more or less 
local and temporary, but depend on "‘cncral laws which g’ovcrn 
the whole animal kingdom.” Barrande has made forcil)lc 
remarks to jweciscly the same cllect. It is, indeed, quite futile 
to look to changes of currents, climate, or other physical con- 
ditions, as the cause of these great mutations in the forms of 
life throughout the world, under the most different climates. 
We must, as Jhirrande has remarked, look to some S])ccial law. 

shall sec this more clearly when we treat of tlie present 
distribution of organic beings, and find how slight is the rela- 
tion between the physical conditions of various countries, and 
the nature of their inhabitants. 

This great fact of tlie parallel succession of the forms of life 
throughout the world, is explicable on the theory of natural 
selection. New sjiccics are formed by having some advantage 
over older forms; and the forms, which arc already dominant, 
or have some advantage over the other forms in their own 
country, would be the most likely to give birth to the greatest 
number of new varieties or inci])icnt si)ccics. AVe have distinct 
evidence on this head, in the plants which are dominant, that 
is, which arc commonest and most widely diffused, producing 
the greatest number of new varieties. It is also natural that 
the dominant, varying, and far-spreading species, which already 
have invaded to a certain extent the territories of other species, 
should be those wliich would have the best chance of spreading 
still further, and of giving rise in new countries to other new 
varieties and species. The process of diffusion would often be 
very slow, dcjicnding on climatal and geograjdiical changes, 
on strange accidents, and on the gradual acclimatization of new 
species to the various climates through which they might have 
to jviss, but in the course of time the dominant forms would 
generally succeed in spreading, and would ultimately prevail. 
The diffusion would, it is probable, be slower with tlie terres- 
trial inhabitants of distinct continents than with the marine 
inhabitants of the continuous sea. We might therefore exjiect 
to find, as W(' do find, a less strict degree of jiarallelism in the 
succession of the productions of the land than with those of the 
sea. 

d'hus, as it seems to me, the parallel, and,* taken in a large 
sense, simultaneous, succession of the same forms of life through- 
out the world, accords well with the ]n*inci])lc of new .species 
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having been formed by dominant species spreading widely and 
varying; the new sjmeies thus produced being themselves dom- 
inant, owing to their having had some advantage over their 
already dominant parents, as well as over other species, and 
again spreading, varying, and producing new forms. The old 
forms which arc beaten and which yield their places to the new 
and ’sdetonons forms, will generally be allied in groups, from 
inheriting some inferiority in common ; and therefore, as new 
and improved groups spread throughout the world, old groups 
disappear from the world ; and the succession of forms cverj^- 
wherc tends to correspond both in their first appearance and 
final disappearance. 

There is one other remark connected with this subject worth 
making. I have given my reasons for believing that most of 
our great formations, rich in fossils, were deposited during 
periods of subsidence ; and that blank intervals of vast dura- 
tion, as far as fossils are concerned, occurred during the periods 
when the bed of the sea was either stationary or rising, and 
likewise when sediment was not thrown down quicldy enough 
to embed and preserve organic remains. During these long 
and blank intervals I suppose that the inhabitants of each re- 
gion underwent a considerable amount of modification and ex- 
tinction, and that there was much migration from other parts 
of the world. As we have reason to believe that large areas 
are affected by the same movement, it is probable that strictly 
contemporaneous formations have often been accumulated over 
very wide spaces in the same quarter of the world ; but we are 
very far from having any right to conclude that this has invari- 
ably been the case, and that large areas have invariably been 
affected by the same movements. When two formations have 
been deposited in two regions during nearly, but not exactly, 
the same period, we should find in both, from the causes ex- 
plained in the foregoing paragra]^hs, the same general succes- 
sion in the forms of life ; but the species would not exactly 
correspond; for there will have been a little more time in the 
one region than in the other for modification, extinction, and 
immigration. 

I suspect that cases of this nature occur in Europe. Mr. 
Prcstwich, in his admirable memoirs on the eocene deposits of 
England and Franco, is able to draw a close general parallelism 
between the successive stages in the two countries ; but when 
he compares certain stages in England with those in France, 
although he finds in both a curious accordance in the numbers 
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of llic species belonging to tlic same genera, yet tlie species 
tlicmsclves tliffcr in a manner very (lifliciilt to account for, con- 
sidciing tlie proximity of tlic two areas, unless indeed it be 
assumed tliat an isthmus separated two seas inliabitcd by dis- 
tinct but contcm]:>oraneous faunas. Lyell lias made similar 
observations on some of the later tertiary fonnations. Barrande, 
also, shows that tlicre is a striking general parallelism in the 
successive Silurian deposits of Bohemia and Scandinavia ; never- 
theless he finds a surprising amount of dilfcrence in the species. 
If the several formations in these regions have not been de- 
posited during the same exact periods — a formation in one re- 
gion often corresponding until a blank interval in the other — 
and if in both regions the species have gone on slowly chan- 
ging during the aeeumulation of the several formations, and 
during the long intervals of time between them ; in this case 
the several formations in the two regions could be arranged in 
the same order, in accordance with the general succession of 
the forms of life, and the order would falsely appear to be strictly 
])arallcl ; nevertheless the species would not be all the same in 
the apparently corresponding stages in tlic two regions. 

0?i the Affinities of Kxtinct Species to each othei\ and to 
Xiiving J.wrms, 

Let us now look to the mutual afliiiities of extinct and liv- 
ing s])ccics. They all fall into a few grand classes ; and this 
fact is at once explained on the princijdc of descent. The more 
ancient any form is, the more, as a general rule, it differs from 
living forms. 13ut, as J3ucklaiid long ago remarked, all extinct 
species can be classed either in still existing groups, or between 
them. That the extinct forms of life hell) to fdl up the inter- 
vals between existing genera, families, and orders, cannot be 
disputed. For if we confine our attention either to the living 
or to the extinct alone, the series is far less perfect than if we 
combine both into one general s^-stem. AVith respect to the 
vortebrata, whole pages could be filled with illustrations from 
Owen, showing how extinct animals fall in between existing 
groups. Cuvier ranked the Ruminants and Pach}’derms, as the 
two most distinct orders of mammals ; but Owen has discovered 
so mail}' fossil links, that he has had to alter the whole classifi- 
cation, and has placed certain pachyderms in the same sub-order 
with mminaiils: for example, he dissolves by fine gradations 
the apparently wide dilfcrence between the pig and the camel. 
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Aiiotbcr distinguished paleontologist, M. Gaiidrv, shows, in 
the most slriking manner, that very many of the fossil mam- 
mals discovered by him in Attica, connect in the plainest man- 
ner existing genera. AVhat a wonderful intermediate form is 
the Typotherium from South America, as the name given to it 
by Prof. Gervais expresses, and which cannot be placed in any 
existing order of mammals ! Even the ^yido interval between 
birds and reptiles has been shown by Prof. Huxley to be par- 
tially bridged over in the most unexpected manner, by, on the 
one hand, the ostrich and extinct Archeopteryx ; and, on th(3 
other hand, the Compsognathus, one of the Dinosaurians — that 
group which includes the most gigantic of all terrestrial rep- 
tiles. Turning to the Invertebrata, BaiTande asserts, and a 
higher authority could not be named, that he is every day 
taught that, although paleozoic animals can certainlj^be classed 
under existing groups, yet that at this ancient period the 
groups were not so distinctly separated from each other as they 
now arc. 

Some writers have objected to any extinct species or group 
of species being considered as intermediate between living 
species or grou]3S. If by this term it is meant that an extinct 
form is directly intermediate in all its characters between two 
living forms, the objection is valid. But in a natural classifi- 
cation many fossil species certainly stand between living spe- 
cies, and some extinct genera between living genera, even 
between genera belonging to distinct families. The most 
common case, especially with respect to very distinct groups, 
such as fish and reptiles, seems to be, that, supposing them to 
be distinguished at the present day by a dozen characters, the 
ancient members are separated by a somewhat lesser number 
of characters, so that the two groups, though formerly C[uite 
distinct, made at that i^criod a somewhat nearer approach to 
each other. 

It is a common belief that the more ancient a form is, by 
so much the more it tends to connect by some of its characters 
groups now widely separated from each other. This remark 
no doubt must be restricted to those groups which have under- 
gone much change in the course of geological ages ; and it 
would be difiicult to prove the truth of the proposition, for 
every now and then even a living animal, as the Ix‘]fidosircii, 
is discovered having allinitics directed toward very distinct 
groups. Yet if we compare the older I\optilcs and Batra- 
chians, the older Fish, the older Cephalopods, and the eocene 
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Mammals, uitli tl»e more recent members of the same classes, 
we must admit that there is truth in the remark. 

Let us sec how far these several facts and inferences accord 
with the theory of descent with modification. As the subject 
is somewliat I'omplcx, I must request the reader to turn to the 
diagram in the fourth chapter. We may suppose that the 
numbered letters rejiresent genera, and the dotted lines di- 
verging from them the species in each genus. The diagram 
is much too simple, too few genera and too few species lacing 
given, but this is uniin]iortant for us. The horizontal lines 
may represent successive geological formations, and all the 
forms beneath the uj^permost line may be considered as ex- 
tinct. The three existing genera, will form a small 

familv; and /***, a closely-allied family or sub-family; and 
6>“, a third family. These three families, together v/ith 

the many extinct genera on the several lines of descent di- 
verging from the parent-form (A), will form an order; for all 
Avill have inherited something in common from their ancient 
and common progenitor. On the principle of the continued 
tendency to divergence of character, which was formerly illus- 
trated by this diagram, the more recent any form is, the more 
it will generally differ from its ancient progenitor. Hence we 
can understand the rule that the most ancient fossils differ most 
from existing forms. AVc must not, however, assume that di- 
vergence of character is a necessary contingency; it depends 
solely on the descendants from a species being thus enabh'd 
to seize on many and different jdaces in the economy of Nature. 
Therefore it is quite possible, as we have seen in the case of 
some Silurian forms, that a species might go on being slightly 
modified in relation to its slightly-altered conditions of life, 
and yet retain throughout a vast period the same general 
characteristics. This is represented in the diagram by the let- 
ter 

All the many forms, extinct and recent, descended from 
(A), make, as Ijofore remarked, one order;’ and this order, from 
the continued effects of extinction anil divergence of character, 
has become divided into several sub-families and families, some 
of which are supposed to have ])crishcd at different periods, 
and some to have endured to the ]>resent day. 

l>y looking at the diagram we can see that if many of the 
1 ‘xtinct forms, sup])oscd to be embedded in the successive for- 
mations, were discovered at several points low down in the 
series, the tlirci' existing families on the uppermost line would 
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be rendered less distinet from each oilier. If, for instance, the 
genera a\ were disinterred, these tliree 

families would bo so closely linked together that they proba- 
bly would have to be united into one great family, in nearly 
tlie same manner as has occurred with ruminants and certain 
pachyderms. Yet he who objected to call the extinct genera 
which thus linked the living genera of three families together, 
intermediate in character, would be justified, as the}^ are inter- 
mediate, not directly, but only by a long and circuitous course 
through many Mudely-dilTcrent forms. If many extinct forms 
were to be discovered above one of the middle horizontal lines 
or geological formations — for instance, above Ko. VI. — but 
none from beneath this line, then only two of the families 
(those on the left hand, etc., and etc.) would have to be 
united into one ; and there would remain two families, which 
would be less distinct from each other than they were before 
the cliscoveiy of the fossils. So, again, if the three families 
formed of eight genera to on the uppermost lino, 

be sujiposed to difler from each other by half a dozen impor- 
tant characters, then the families which existed at the period 
marked VI. would certainly have differed from each other by 
a less number of characters ; for they .would at this early stage 
of descent have diverged in a less degree from their common 
progenitor. Thus it comes that ancient and extinct genera 
are often in some slight degree intermediate in character be- 
tween their modified descendants, or between their collateral 
relations. 

In Nature the case will be far more complicated than is 
represented in the diagram ; for the groups will have been 
more numerous, they will have endured for extremely unequal 
lengths of time, and will have been modified in various degrees. 
As we possess only the last volume of the geological record, 
and tliat in a very broken condition, Ave have no right to expect, 
except in rare cases, to fill up the wide intervals in the natural 
S3"stcm, and thus unite distinct families or orders. All that aa’c 
liave a right to expect is, that those groups which have within 
known geological periods undergone much modification, should 
in tlie older formations make some slight aiqAroach to cacli 
other; so that the older members should differ less from each 
oilier in some of their characters than do the existing members 
of the same groups; and this, Iw the concurrent evidence of 
onr best jialeontologists, is frcquentlv the case. 

Thus, on tlie theorv of descent with modification, the main 
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facts with respect to the mutual affinities of the extinct forms 
of life to each other and to living forms, are explained in a 
satisfactory manner. And they arc wholly inexplicable on any 
other view. 

On this same theory, it is evident that the fauna of any 
one great ])criod in the earth’s history will be intermediate 
in general character between that which preceded and that 
which succeeded it. Thus the species which lived at the sixth 
great stage of descent in the diagram are the modified offspring 
of those which lived at the fifth stage, and arc the parents of 
those which became still more modified at the seventh stage; 
hence they could hardly fail to be nearly intermediate in char- 
acter between the forms of life above and below. We must, how- 
ever, allow for the entire extinction of some preceding forms, 
and in any one region for the immigration of new forms from 
other regions, and for a large amount of modification during 
the long and blank intervals between the successive forma- 
tions. Subject to these allowances, the fauna of each geolo- 
gical period undoubtedly is intermediate in character between 
the ])receding and succeeding faunas. I need give only one 
instance, namely, the manner in which the fossils of the Devo- 
nian system, when this system was first discovered, were at 
once recognized by paleontologists as intermediate in charac- 
ter between those of the overlying carboniferous, and under- 
lying Silurian system. But each fauna is not necessarily ex- 
actly intennediate, as unequal intervals of time have elapsed 
between consecutive formations. 

It is no real objection to the truth of the statement that 
the fauna of each period as a whole is nearly intermediate in 
character between the preceding and succeeding faunas, that 
c(M'tain genera offer excc])tions to the rule. For instance, 
mastodons and elephants, when arranged by Dr. Falconer in 
two series, fii'st according to their mutual afiinities and then 
according to their ]>eriods of existence, do not accord in ar- 
rangement. The species extreme in character arc not the old- 
est or tlie most recent; nor arc those which are intcrme<liate 
in character, intennediate in age. But supjiosing for an 
instant, in this and other such (“ases, ‘that the record of the 
first ajijjcarance and disaj^pearance of the species was perfect, 
we have no reason to believe that forms successively produced 
necessarily endure for corresponding lengths of time : a verv 
ancient form might occasionally last much longer than a form 
elsewhere subse(juently produced, csjieciall}' in the case of 
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ten’cstrial productions inliabitin^ separated districts. To com- 
pare small thing’s 'with gTcat : if the principal living and ex- 
tinct races of the domestic pigeon were arranged as well as 
they could be in serial alhiiity, this arrangement woidd not 
accord closely with the order in time of their production, and 
even less with the order of their disappearance ; for the ]\ar- 
cnt-rock-pigcon still lives ; and many varieties between the 
rock-pigeon and the carrier have become extinct ; and carriers 
which are extreme in the important character of length of 
beak originated earlier than short-beaked tumblers, which arc 
at the opposite end of the series in this respect. 

Closely connected witli the statement that the organic re- 
mains from an intermediate formation arc in some degree in- 
termediate in character, is the tixet, insisted on by all paleon- 
tologists, that fossils from two consecutive formations are for 
more closely related to each other than arc the fossils from 
two remote formations. Pictet gives us a well-known in- 
stance, the general resemblance of the organic remains from 
the several stages of the Chalk formation, though the species 
arc distinct in each stage. This fact alone, from its generality, 
seems to have shaken lh*of. Pictet in his firm belief in the im- 
mutability of species. lie who is acquainted with the distribu- 
tion of existing species over the globe, will not attempt to 
account for the close resemblance of distinct species in close- 
ly consecutive formations, by the physical conditions of the 
ancient areas having remained nearly the same. Let it be re- 
membered that the forms of life, at least those inhabiting the 
sea, have changed almost simultaneously throughout the world, 
and therefore under the most different climates and conditions. 
Consider the prodigious vicissitudes of climate during the ]deis- 
tocene j^eriod, which includes the whole glacial epoch, and note 
how little the specific forms of the inhabitants of the sea have 
been affected. 

On the theory of descent, the full meaning of the fossil re- 
mains from closely-consecutivc formations being closely related, 
though ranked as distinct species, is obvious. As the accumu- 
lation of each formation has often been interrupted, and as 
long blank intervals have intervened between successive forma- 
tions, we ought not to expect to find, as I attem])ted to show 
in the last chapter, in any one or in any two formations all the 
intermediate varieties between the s])ecies which appeared at 
the commencement and close of these periods: but we ought 
to find after intervals, veiy long as measiirofl Iw years, but 
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only moderately lon^ as measured geologically, closely-allied 
forms, or, as they have been called by some authors, represent- 
ative species ; and tliese assuredly we do tind. find, in 

short, such evidence of the sIonv and scarccly-sensible muta- 
tion of specific forms as we have the riglit to expect. 

On the State of Dcoclopmcnt of A) ic lent comjKired icith Lin- 
ing l<or)ns, 

AVc have seen in the fourth cha])tcr that the degree of 
dillV'rentiation and specialization of the parts in all organic 
beings, when arrived at matun ty, is the best standard, as yet 
suggested, of their degree of perfection or highness. We 
have also seen that, as the specialization of parts and organs 
is an advantage to each being, so natural selection will tend 
to render the organization of each being more specialized and 
perfect, and in this sense higher ; not but that it may and 
will leave many creatures willi simjde and unimproved struct- 
ures fitted for simple conditions of life, and in some cases will 
(‘ven degrade or simplify the organization, yet leaving such 
degraded beings better fitted for their new walks of life. In 
another and more general manner, new species will become 
superior to their jircdecessors ; for they will have to beat in the 
struggle for life all the older forms with which they come info 
close competition. AVc may therefore eonclude that, if under 
a nearly similar climate the eocene inhabitants of the world 
could be put into competition with the existing inhabitants, 
the former would be l)caten and exterminated by the latter, as 
woidd the secondary by the eocene, and the paleozoic by the 
secondary forms. So that hy this fundamental tost of victory 
in the battle for life, as well as by the standard of the sj^eciali- 
zation of organs, modern forms ought on the theory of natu- 
ral selection to stand higher than ancient fonns. Is tliis the 
case ? A large majority of jialeontologists would answer in 
the allirmative ; and I suppose that the answer must 1x3 ad- 
mitted as true, though diflicult of full proof. 

It is no valid objection to this conclusion, that certain 
Ih*achiopods have been but slightly modifi(*d froin an extremely 
remote geological epoch. It is not an insuperable dillieultv' 
that Fora mliiifcni have not, as insisted on by Dr. (arprnter, 
progressed in organization since even the Laurentian (*pocli : 
for some organisms would have to remain fitted for simple con- 
tlitions of life, and what could be better lilted for tliis end than 
1 1 
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these lowly-org’anizcd Protozoa ? It is no great clifTiculty that 
fresh-water shells, as Prof. Phillips has urged, have remained 
almost unaltered from the time when they first appeared to 
the ])rcscnt day ; for these shells will have been subjected to 
less severe competition than tlie inoUiisks inhabiting the more 
extensive area of the sea with its innumerable inhabitants. 
Such objections as the aliove vrould be fatal to any view which 
inclutled advance in organization as a necessary contingent. 
They would likewise be fatal to my view if Foraminifera, for 
instance, could be proved to have first come into existence, 
during the Laurentian epoch, or Brachiopods during the Cam- 
brian formation ; for, in this case, there would not have been 
time sufficient for the development of these organisms up to 
the standard which they then reached. When once advanced 
up to any given point, there is no necessity on the theory of 
natural selection for their further continued progress ; though 
they will, during each successive age, have to be slightly 
modified, so as to hold their places in relation to the changing 
conditions of life. iVll such objections hinge on the question 
whether we really know how old the world is, and at what 
periods the various forms of life first appeared ; and this may 
be disputed. 

The problem whether organization on the whole has ad- 
vanced is in many ways excessively intricate. The geological 
record, at all times imperfect, does not extend far enough back, 
as I believe, to show with unmistakable clearness that within 
the known history of the world organization has largely ad- 
vanced. Even at the present day, looking to members of the 
same class, naturalists arc not unanimous which forms arc to be 
ranked as liighcst: thus, some look at the selaceans or sharks, 
from their approach in some important points of structure to rep- 
tiles, as the highest fish ; others look at the tcleosteans as the 
highest. The ganoids stand intermediate between the selaceans 
and tcleosteans ; the latter at tlie present day are largely pre- 
ponderant in number; but formerly selaceans and g'anoids alone 
existed ; and in this case, according to the standard of highness 
chosen, so will it be said that fishes have advanced or retro- 
graded in organization. To attempt to compare in the scale 
of highness members of distinct types seemed hopeless : who 
will decide whether a cuttle-fish be higher than a bee — that in- 
sect Avhich the groat Von Baer believed to be in fact more 
highly organized than a fish, although upon another type?” 
In the complex struggle for life it is quite credible that crus- 
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taceaus, not very in tlrcir own class, might I)cat cophalo- 
pods, the highest molliisks ; and such crustaceans, though not 
liighly developed, would stand very high in the scale of inverte- 
brate animals if judged by the most decisive of all trials — the 
law of battle. Besides these inherent dillicultics in deciding 
which forms arc the most advanced in organization, we ought 
not solely to compare the highest members of a class at any 
two ])criods — though undoubtedly this is one and perhaps the 
most important element in striking a balance — but avc ought 
to comj)arc all the members, high and low, at the two periods? 
At an anciemt epoch the highest and lowest molliisks, namely, 
(‘cphalopods ami brachiopods, swarmed in numbers ; at the pres- 
sent time both ordei*s arc greatly reduced, while other orders, 
intermediate in oVganization, have largely increased; conse- 
quently some naturalists maintain that molliisks were formerly 
more highly developed than at present; but a stronger case 
Clin be made out on the opposite side, by considering the vast 
leduction of the lowest molliisks, and the fact that our existing 
cephalopods, though few in number, are more highly organized 
than their ancient representatives. We ought also to compare 
the relative proj^ortional numbers of the high and low classes 
throughout the world at any two periods: if, for instance, at 
the present day fifty thousand kinds of vertebrate animals ex- 
ist, and if we knew that at some former j^criod only ten thou- 
sand kinds existed, we ought to look at this increase in num- 
ber in the highest cla.ss, which implies a great displacement of 
lower forms, as a decided advance in the org-anization of the 
world. AVe thus see how hopelessly dillicult it is to compare 
with perfect fairness, under such extremely complex relations, 
the standard of organization of the imperfect l}’-known faunas 
of successive ]>eriods. 

We sliall appreciate this dilliculty the more clearly, by 
looking to certain existing faunas and floras. From the extraor- 
dinary manner in which European jirodiictions have recently 
sjwead over New Zealand, and have seized on places whieh 
must have been previously occupied, we must believe that, if 
all the animals and plants of Great Britain were set free in 
New Zealand, in the course of time a multitude of British forms 
would become thoroughly naturalized there, and would exter- 
minate many of the natives. On the other hand, from hardly a 
single inlijibitant of the southern hemisphere having become 
wild in any ]iart of Europe, we mav well doubt whether, if all 
the productions of N(*w Zealand were s(*t free in Great Britain, 
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any considerable number would be enabled to seize on jdaces 
now oecnpled by our native plants and animals. Under this 
point of view, the productions of Great Britain stand mucli 
iiio’hcr in the scale than those of New Zealand. Yet the most 
skilful naturalist, from an examination of the species of the two 
countries could not have foreseen this result. 

Agassiz and several other highlj'-competent judges insist 
that ancient animals resemble to a certain extent the embryos 
of recent animals belonging to the same classes; and that the 
geological succession of extinct forms is nearly parallel with 
the embryological development of existing forms. This view 
accords admirably well with our theory. In a future chapter I 
shall attempt to show that the adult differs from its embryo, 
owing to variations supervening at a not early age, and being 
inherited at a corresponding age. This process, while it leaves 
the cmbrj’o almost unaltered, continually adds, in the cour.se 
of successive generations, more and more difference to the adult. 
Thus the embryo comes to be left as a sort of picture, preserved 
bj" Nature, of the ancient and less modified condition of the 
animal. This view may l)c true, and yet may never be capable 
of full proof. Seeing, for instance, that the oldest known mam- 
mals, reptiles, and fishes, strictly belong to their proper classes, 
though some of these old forms are in a slight degree less dis- 
tinct from each other than are the typical members of the same 
grou]^s at the present day, it would be vain to look for animals 
having the common embryological character of the Vertebrata, 
until beds rich in fossils are discovered far beneath the lowest 
Silurian stratum — a discovery of which the chance is small. 

On (he Succession of the same Types xclihin the same ArcaSy 
diirlny the later Tertiary Periods, 

Mr. Clift many years ago showed that the fossil mammals 
from the Australian caves were closely allied to the li\dng mar- 
supials of that continent. In South America, a similar relation- 
shi]> is manifest, even to an uneducated eye, in the gigantic 
pieces of armor, like those of the armadillo, found in several 
j^arts of T^a Plata; and Prof. Owen has shown in the most 
striking manner that most of the fossil mammals, buried thei(‘ 
in such numbers, are related to South American t}’]ics. This 
relationship is even more clearl}" seen in the wonderful collection 
of fossil bones made by ^IM. Lund and Clausen in the caves of 
Brazil. I was so much impressed with these facts that I 
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strongly insiste<l, in 1839 and 1845, on this “law of the suc- 
cession of types,” on “ tins wonderful relationship in the same 
continent between the dead and the living.” Prof. Owen has 
subsequently ext(*nded the same generalization to the mammals 
of the Old World. We see the same law in this author’s res- 
torations of the extinct and gigantic birds of New Zealand. 
\\''e see it also in the birds of the caves of Brazil. !Mr. AN^Dod- 
ward has shown that the same law holds g*ood with sea-shells, 
but, from the wide distribution of most genera of inollusks, it 
is not well displayed by them. Other cases could be added, as 
the relation between the extinct and living land-shells of Ala- 
(leira ; and between the extinct and living brackish-water shells 
of the Aralo-Cas])ian Sea. 

Xow what docs this remarkable law of the succession of 
the same types within the same areas mean? lie would be a 
bold man, who, after comparing the present climate of Aus- 
tralia and of j)arts of South America under the same lati- 
tude, would attempt to account, on the one hand, by dissimilar 
physical conditions, for the dissimilarity of the inhabitants of 
these two continents, and, on the other hand, by similarity of 
conditions, for the uniformity of the same types in each during 
the later tertiary periods. Nor can it be pretended that it is 
an immutable law that marsuiiials should have been chicllv or 
solely produced in Australia; or that Edentata and other 
American types should have been solely produced in South 
America. For we know that Europe in ancient times was 
peopled by numerous marsupials ; and I have shown, in the 
publications above alluded to, that in America the laAv of dis- 
tribution of terrestrial mammals was fonncrly dilTercnt from 
what it now is. North America formerly partook strongly of 
the present character of the southern half of the continent; 
and the southern half was formerly more closely allied, than it 
is at present, to the northern half. In a similar manner we 
know, from Falconer and Cautlcy’s discoveries, that Northern 
India was formerly more closely related in its mammals to 
Afri(;a than it is at the present time. Analogous facts ecmld 
be given in relation to the distribution of marine animals. 

On the theory of descent with modiheation, the great law 
of the long-enduring, but not immutable, succession of the 
same tyjms within the same areas, is at once exjdained ; for the 
inhabitants of each quarter of the Avorld will obviously tend to 
leave in that quarter, during the next succeeding period of 
time closely-allied though in some degree modified descend 
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ants. If the inhabitants of one continent formerly diflcred 
greatly from those of anotlier continent, so Avill their modified 
clcsccndants still dificr in nearly the same manner and degree, 
lint after very long intervals of time, and after great geo- 
graphical changes, permitting much inter-migration, the fee- 
bler Avill yield to the more dominant forms, and there will be 
nothing immutable in the laws of past and present distribu- 
tion. 

It may be asked in ridicule, whether I suppose that the 
megatherium and other allied huge monsters, which formerly 
lived in South America, have left beliind them the sloth, arma- 
dillo, and aiitentcr, as their degenerate descendants. This can- 
not for an instant be admitted. These huge animals liave 
become wholly extinct, and have left no progcin\ But in the 
caves of Brazil, there arc many extinct species whieli arc close- 
ly allied in size and in all other characters to the species still 
li\dng in South America ; and some of these fossils may be the 
actual progenitors of living species. It must not be forgotten 
that, on our theory, all the species of the same genus are the 
descendants of some one species; so that, if six genera, each 
liaving eight species, be found in one geological formation, and 
in a succeeding formation there be six other allied or repre- 
sentative genera each with the same number of species, then we 
may conclude that generally only one species of each of the 
older genera has left modified descendants, which constitute 
the several species of the new genera; the other seven species 
of each old genus ha'sung died out and left no progeny. Or, 
and this probably will be a far commoner case, two or three 
species in two or three alone of the six older genera will be 
tlic parents of the new genera : the other species and the 
other whole genera having become utterly extinct. In failing 
ordci’S, with the genera and species decreasing in numbers, as 
is the case with the Edentata of South America, still fewer 
genera and species will leave modified blood-descendants. 

Sinnmari/ of the preceding and present Chapter, 

I have attempted to show that the geological record is ex- 
tremely imperfect ; that only a small portion of the globe has 
lieen geologically explored with care ; that only certain class- 
es of organic beings have been largely preserved in a fossil 
state ; that the number both of specimens and of species, pre- 
served in our museums, is absolutely as nothing, compared 
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\vith the number of generations ^vlncll must have passed away 
even during a single formation; that, owing to subsidence 
being almost necessary for the accumulation of dci)Osiis rich in 
fossil species of very many kinds and thick enough to resist fu- 
ture degradation, great intervals of time must have elapsed 
between most of our successive formations; that there has 
probably been more extinction during the periods of subsi- 
dence, and more variation during the periods of elevation, 
and during the latter the record will have been least perfectly 
kept ; that (‘aeh single formation has not been continuously 
deposited ; that the duration of each formation is, probably, 
short compared with the average duration of specific forms; 
that migration has ]dayed an important part in the first a|> 
pearance of new forms in any one area and formation ; that 
’ividely-ranging simcics arc those which have varied most fre- 
quently, and have oftenest given rise to new species ; that va- 
rieties have at first been local ; and lastly, although each spe- 
cies must have passed through numerous transitional stages, it 
is j^robable that the jDcriods, during which each underwent 
modification, though many and long as measured liy years, 
have been short in comparison with the periods during which 
each remained in an unchanged condition. These causes, taken 
conjointly, will, to a large extent, explain why — though we do 
find many links — we do not find interminable varieties, con- 
necting together all extinct and existing forms by the finest 
graduated steps. It should also be constantly borne in mind 
that any linking varieties between two or more forms, which 
might be found, would be ranked, unless the whole chain could 
be perfectly restored, as so many new and distinct species ; for 
it is not pretended that we have any sure criterion by which 
species and varieties can be discriminated. 

He who rejects these views on the imperfection of the geo- 
logical record, will rightly reject the whole theory. For he 
may ask in vain where arc the numberless transitional links 
which must formerly have connected the closely-allied or rep- 
resentative species found in the successive stages of the same 
great formation V He may disbelieve in the immense intervals 
of time which have elapsed between our consecutive forma- 
tions; he may overlook how imjiortant a part migration has 
played, when the fonnations of any one great region alone, as 
tliat of Europe, arc considered; he may urge tlie apparent, but 
often falsely apparent, sudden coming in of whole groups of 
species. He may ask where arc the remains of those intinitcly- 
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numerous or;»\anisins which must have existed long before tlic 
Cambrian .sysUmi Avas deposited ? AVc now know that at least 
one animal did then exist; but I can answer the above ques- 
tion only by supposing that where our oceans now extend they 
have extended for an enormous .jieriod, and where our oscillat- 
ing continents now stand, they have stood since the commence- 
ment of the Cambrian system; but tliat, long before that 
epoch, the world j)resented a Aridely-differcnt aspect; and that 
the older continents, formed of formations older than any 
known to us, exist now only as remnants in a metamorjdiosed 
condition, or lie still buried under the ocean. 

Passing from these difiicultics, the otlier great leading 
facts in paleontology seem to me simply to follow on the the- 
ory of descent Avith modification through natural selection. 
We can thus understand hoAV it is that ncAV species come in 
sloAAdy and successi\x*ly ; hoAV species of dilfercnt classes do 
not necessarily change together, or at the same rate, or in the 
same degree; yet in the long-run that all undergo modification 
to some extent. The extinction of old forms is the almost 
incA'itablc consequence of the production of ncAV forms. ^Ve 
can understand AAdiy Avhen a species has once disapjAcared it noA'- 
er reappcai-s. Groups of species increase in numbers sIoaa'Iv, 
and endure for unccjual periods of time ; for the process of 
modification is necessarily sIoav, and dejicnds on many com- 
plex contingencies. The dominant species belonging to large 
and dominant groups tend to leave many modified descend 
ants, Avhich form new sub-groups and groups. As these are 
formed, the species of the less A*igorous groups, from their infe- 
riority inherited from a common progenitor, tend to become 
extinct together, and to IcaA’C no modified ollspring on the face 
of the earth. But the utter extinction of a aa IioIc group of 
species has sometimes been a sIoav process, from the surA'iA'al 
of a fcAV descendants, lingering in protected and isolated situ- 
ations. When a group has once AA’holly disappeared, it docs 
not reappear; for the link of generation has been broken. - 

^Vc can understand hoAv the dominant forms AA'liich sjAread 
Avidcly and yield the greatest number of Araricties AA'ill tend to 
people the world Avilli allied, but modified, descendants ; and 
these Avill gcneralh' succeed in displacing the groups Avliieh are 
their inferiors in the struggle for existence. Hence, after long 
interA'als of lime, the productions of the AA*orld apjiear to liaA’c 
changed simultaneously. 

^Ve can understand Iioav it is that all the forms of life 
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ancient aiul recent, make togetlicr a few gram] classes ; for all 
arc at least thus far connected by generation. AVe can under- 
stand, from the continued tendency to divergence of character, 
why the more ancient a form is, the more it generally diflers 
from those now living; why ancient and extinct forms often 
tend to till uj) gaps between existing forms, sometimes blend- 
ing two grou])s, previously classed as. distinct, into one; but 
more commonly bringing them only a little closer together, 
'rhe more ancient a form is, the more often it stands in some 
degree intermediate between groups now distinct; for the 
more ancient a form is, the more nearl}' it will be related to, 
and conse(]ucntly resemble, the common progenitor of groiijis, 
since become widely divergent. Extinct forms are seldom direct- 
ly intermediate between existing forms ; but arc intermediate 
only bv a long and circuitous course through other extinct and 
difi'erent forms. AVecan clearly sec why the organic remains of 
closel^'-consecutivc formations arc closely allied ; for they arc 
closely linked together by generation. AVc can clearly see why 
the remains of an intermediate formation arc intermediate in 
character. 

The inhabitants of each successive period in the worldAs 
history must have beaten their predecessors in the race for life, 
and are, in so far, higher in the scale of Nature, and their 
structure has generally become more specialized ; and this may 
account for tlic common belief held by so many paleontolo- 
gists, that organization on the whole has progressed. Extinct 
and ancient animals resemble to a certain extent the embryos 
of the more recent animals belonging to the* same classes, and 
this wonderful fact receives a simple explanation according to 
our views. The succession of the same types of structure with- 
in the same areas during the lat('r geological periods ceases to 
be mysterious, and is intelligible on the principle of inherit- 
ance. 

If, then, the geological record be as imperfect as many be- 
lieve, and it may at least be asserted that the record cannot be 
])roved to be much more ])crfect, the main objections to the 
theory of natural selection are greatly diminished or disappear. 
On the other hand, all tlie chief laws of paleontology plainly 
proclaim, as it seems to me, that species have been produceil 
l)y ordinary generation : old forms having been sup])lanted by 
new and im])roved forms of life, the products of Variation and 
the Survival of the Fittest. 
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rrescnt Distribution cannot be accounted for by DitTcrcnccs in Ph3'sical Conditions 
—Importance of Barriers— Aflinily of the Productions of the same Conlinenl— 
Centres of Creation — Means of Dispersal by Changes of Climate and of the Level 
of llic Land, and by Occasional Means— Dispersal during tbc Glacial Period- 
Alternate Glacial Periods in tbc North and South. 

In considering the distribution of organic beings over the 
face of the globe, the first great fact which strikes us is, that 
neither tlie siinilarity nor the dissimilarity of the inhabitants 
of various regions can be accounted for by their climatal and 
other physical conditions. Of late, almost every author who 
has studied the subject has come to this conclusion. Tlie case 
of America alone would almost sunicc to prove its trutli : for, if 
we exclude th.c northern parts where the circumpolar land is 
almost continuous, all authors agree tliat one of the most fun- 
damental divisions in geographical distribution is that between 
the Xew and Old AVorkls; yet, if we travel over the vast 
American Continent, from the central parts of the United 
States to its extreme soutliern jioint, we meet with the 
most diversified conditions; humid districts, arid deserts, lofty 
mountains, grassy plains, forests, marshes, lakes, and great 
rivers, under almost every temj'jcrature. Tlierc is hardly a 
climate or condition in the Old World whicli cannot be paral- 
leled in the New — at least as closely as the same species gen- 
erally require. No doubt small areas can be iiointed out in 
the Old AVorld hotter than any in the New World, but these 
arc not inhabited by a fauna difl’crent from that of the sur- 
rounding districts ; for it is very rare to find a grouj:) of organ- 
isms conlincd to a small area, having conditions peculiar in 
only a slight degree. Notwithstanding this general parallel- 
ism in the conditions of the Old and New Worlds, how widely 
dilTcrent are their living productions! 

In the soutliern hcmisjdicre, if we comjiare large tracts of 
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land in Australia, South Africa, and AVcstern South Aincricn, 
between latitudes 25*^ and 35®, we shall find parts extremely 
similar in all their conditions, yet it would not be possible to 
point out three faunas and floras more utterly dissimilar. Or 
again, we may eompare tlie productions of South America 
south of hit. 35® with those north of 25®, which consequently 
arc scjiarated by a space of ten degrees of latitude and are ex- 
posed to eonsiderably different conditions, yet they arc incom- 
parably more closely related to each other than they arc to the 
jiroductions of Australia or Africa under nearly the same cli- 
mate. Analogous facts could be given with respect to the 
inhabitants of tlie sea. 

A second great fact which strikes us in our general review 
is, that barriers of any kind, or obstacles to free migration, arc 
related in a clo.se and important manner to the differences bc- 
tu'cen the productions of various regions. AYc see this in the 
great difference of nearly all the terrestrial productions of the 
New and Old Worlds, excepting in the northern ])arts, where 
the land almost joins, and where, under a slight ly-diffcrcnt cli- 
mate, there might have been free migTation for the northern 
temperate forms, as there now is for the strictly arctic produc- 
tions. AYc sec the same fact in the great difference between 
the inhabitants of Australia, Africa, and South America, under 
the same latitude : for these countries arc almost as much iso- 
lated from each other as is possible. On each continent, also, 
we see the same fact ; for, on the opposite sides of lofty aiul 
continuous mountain-ranges, of great deserts, and even of large 
rivers, we find different productions ; though as mountain- 
chains, deserts, etc., arc not as impassable, or likcl}* to have 
endured so long, as the oceans separating continents, the differ- 
ences arc very inferior in degree to those characteristic of dis- 
tinct continents. 

Turning to the sea, we find the same law. The marine in- 
habitants of the eastern and Avestern shores of South America 
arc very distinct, Avith extremely few fishes, shell, or crabs, in 
common ; but Dr. GUntlicr has recently shoAvn that on oppo- 
site sides of tlic Isthmus of Panama, about thirty per cent, of 
the lishes arc the same ; and this fact has led naturalists to be- 
licA'c that the isthmus aams formerly open. YVstward of the 
shores of America, a Avidc space of open ocean extends, Avith 
not an island as a halting-place for emigrants ; here avc Ikia'c a 
barrier of another kind, and as soon as tiiis is jKissed avc meet 
in the eastern islands of the Pacific Avith another and totally 
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distinct fauna. So tliat tlirec marine fimnas range far north- 
ward and souiliward in parallel lines not far from each other, 
under corresponding elimates ; but from being separated from 
each other by impassable barriers, either of land or open sea, 
they are almost wholly distinct. On the other hand, proceed- 
ing still farther westward from the eastern islands of the tropi- 
cal parts of the Pacific, we encounter no impassable barriers, 
and we liave innumerable islands as halting-places, or continu- 
ous coasts, until after travelling over a hemisphere we come tc 
the shores of Africa ; and over this vast space we meet with 
no well-defmcd and distinct marine faunas. Although so few 
shells, crabs, or fishes, arc common to the above-named three 
approximate faunas of Eastern and Western America and the 
eastern Pacific islands, yet many fish range from the Pacific 
into the Indian Ocean, and many shells are common to the 
eastern islands of the Pacific and the eastern shores of Africa, 
on almost exactly opposite meridians of longitude. 

A third great fact, partly included in the foregoing state- 
ment, is the aflinity of the productions of the same continent, 
or of the same sea, though the species themselves arc distinct 
at diflerent points and stations. It is a law of the widest 
generality, and every continent offers innumerable instances. 
Nevertheless the naturalist, in travelling, for instance, from 
north to south, never fails to be struck by the manner in which 
successive groups of beings, specifically distinct, nearly related, 
replace each other. He liears from closely-allied, yet distinct 
kinds of birds, notes nearly similar, and sees their nests simi- 
larly constructed, but not quite alike, with eggs colored in 
nearly the same manner. The plains near the Straits of Magel- 
lan arc inhabited by one species of Phea (American ostrich), 
and northward the plains of La Plata by another species of the 
same genus ; and not by a true ostrich or emu, like those in- 
habiting Africa and Australia under the same latitude. On 
these same plains of La Plata, we sec the agouti and bizcacha, 
animals having nearly the same habits as our hares and rabbits 
and belonging to the same order of Podents, but they j)lainly 
display an American type of structure. We ascend the lofty 
])caks of the Cordillera, and we find an alpine s]3ccies of biz- 
cacha ; we look to the waters, and we do not find the beaver 
or musk-rat, but the coypu and eapybara, rodents of the South 
American type. Innumerable other instances could be given. 
If we look to the islands off the American shore, however much 
they may differ in geological structure, the inhabitants arc 
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('sscntiall}^ American, thongli tliey may be all peculiar species. 
^V'e may look back to past ages, as shown in the last chapter, 
and we find American types then prevailing on the American 
Continent and in the American seas, AVe see in these facts 
some deep organic bond, throughout space and time, over the 
same areas of land and water, and indejoendent of physical con- 
ditions. The naturalist must be dull who is not led to inquire 
^vhat this bond is. 

The bond is simply inheritance, that cause which alone, as 
far as we positively know, produces organisms quite like each 
other, or, as we see in the case of varieties, nearly alike, Tlie 
dissimilarity of the inhabitants of dilTcrent regions may be at- 
tributed to modification through natural selection, and in a 
subordinate degree to the definite influence of different phys- 
ical conditions. The degree of dissimilarity will depend on 
the migration of the more dominant forms of life from one re- 
gion into another having been prevented more or less ell’ectuall}^ 
at periods more or less remote — oii the nature and number of 
the former immigrants — and on the action of the inhabitants 
on each other in leading to the j^reservation of different modifi- 
cations; the relation of organism to organism in the struggle 
for life being, as I have already often remarked, tlie most im- 
portant of all relations. Thus the high importance of barriers 
comes into play by checking migration; as does time for the 
slow ])roccss of modification through natural selection. AAndely- 
ranging sj^ecics, abounding in individuals, which have already 
triumphed over many competitors in their own widely-extended 
homes, will have the best chance of seizing on new places, when 
they spread into new countries. In their new homes they will 
l)c exposed to new conditions, and will fre({uently undergo 
further modification and imj)rovcment ; and thus they will be- 
come still further victorious, and will ])roduce groups of modi- 
fied d(‘scendants. On this principle of inheritance with modifi- 
cation, we can understand how it is that sections of genera, 
whole genera, and even families, arc confined to the same areas, 
as is so commonly and notoriously the case. 

1 l)clievc, as was remarked in the last cluqitcr, in no lav/ of 
necessary devclojimcnt. As the variability of each s])ecics is 
an independent pro])crty, and will ]>e taken advantage of by 
natural selection, only so far as it ])rolits each individual in its 
complex struggle for life, so the amount of modification in 
different species will be no uniform (piantit^'. If a number of 
species, after having long competed with each other in their 
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old home, were to migrate in a body into a new and afterward 
isolated countiy, tlicy woidd be little liable to modification; 
for neither migration nor isolation in tlicmsclvcs can clTcct any 
thing. These principles come into ]day only by bringing or- 
ganisms into new relations with each other, and in a lesser de- 
gree with the surrounding physical conditions. As we have 
seen in the last cha])ter that some forms have retained nearly 
the same character from an enormously remote geological 
jieriod, so certain s])ccies have migrated over vast spaces, and 
iiave not become greatly or at all modified. 

According to these views, it is obvious tbat the several 
species of the same genus, though inhabiting the most distant 
ejuarters of the world, must originally have proceeded from the 
same source, as they arc descended from the same progenitor. 
In tlic case of those species, which have undergone during 
whole geological periods but little modification, there is not 
much difficult}" in believing that they may have migrated from 
the same region ; for, during the vast geographical and climatal 
changes which have supervened since ancient times, almost 
any amount of migration is possible. But in many other eases, 
in which we have reason to believe that the species of a genus 
have been produced within comparatively recent times, there is 
great difficulty on this head. It is also obvious that the individ- 
uals of the same species, though now inhabiting distant and 
isolated regions, must have proceeded from one spot, where 
their parents were first produced: for, as explained in the last 
chapter, it is incredible that individuals identically the same 
should have been produced from parents specifically distinct. 

Slnr/le Centres of siq'i}yosed Creation , — We are thus brought 
to the question which has been largely discussed by naturalists, 
namely, whether species have been created at one or more 
points of the earth’s surface. Undoubtedly there are many 
cases of extreme difiiculty in understanding how the same species 
could possibly have migrated from some one point to the several 
distant and isolated points where now found. Nevertheless the 
simplicity of the view that each species was first produced 
within a single region captivates the mind, lie who rejects it, 
rejects the vera causa of ordinary generation Avith subsequent 
migration, and calls in the agency of a miracle. It is univer- 
sally admitted that in most cases the area inhabited by a spe- 
cies is continuous ; and that when a plant or animal inhabits 
two points so distant from each other, or with an interv'al of 
sueli a nature, that the sj^aee could not be casil}" passed over 
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bj niip^ration, the fact is o-ivcn as something jeinaikable and 
e.xceptional. The incapacity of migrating across a wide sea is 
more clear in the case of terrestrial mammals than perhaps with 
any other organic beings; and, accordingly, we find no inex- 
plicable instances of the same mammals inhabiting distant 
points of the world. No geologist feels any dilliculty in Great 
Britain possessing the same qnadnij^cds with the rest of Eurojie, 
for they were no doubt once united. But if the same species 
can be produced at two separate points, why do we not find a 
single mammal common to Europe and Australia or South 
America ? The conditions of life arc nearly the same, so that 
a multitude of European animals and plants have become nat- 
uralized in America and Australia; and some of the aboriginal 
jdants are identically the same at these distant points of the 
northern and southern hemispheres ? The answer, as I believe, 
is, that mammals have not been able to migrate, whereas some 
])lants, from their varied means of dispersal, have migrated 
across the wide and broken interspaces. The great and striking 
inlluencc of barriers of all kinds is intelligible onl>" on the view 
that the great majority of species have been produced on one 
side, and have not been able to migrate to the opposite side. 
Some few families, many sub-families, very many genera, and a 
still greater number of sections of genera, are confined to a sin- 
gle region ; and it has been observed by several naturalists that 
the most natural genera or those genera in which the species arc 
most closely related to each other, are generally confined to the 
same countr}', or if they have a wide range that their range 
is continuous. What a strange anomaly it would be, if a di- 
rectly opposite rule were to prevail, when we go down one step 
lower in the series, namely, to the individuals of the same spe- 
cies, and these had not been, at least at first, eonfined to some 
one region ! 

Hence it seems to me, as it has to many other naturalists, 
that the view of each species having been produced in one area 
alone, and having subsequently migrated from that area as far 
as its powers of migration and subsistence under jiast and pres- 
ent conditions permitted, is the most probable. Undoubtedly 
many cases occur, in which we cannot explain how the same 
species could have passed from one point to the other. But 
the geographical and climatal changes, which have certainly 
occurred within recent geological times, must have rendered 
discontinuous the formerl}'’ continuous range of many s]:iecies. 
So that we are reduced to consider whether the cxcc])tions to 
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continuit y of rani^c arc so numerous and of so a'rave a natur(‘, 
that we ought to give up the belief, rendered probable by 
general considerations, that each species has been produced 
within one area, and has migrated thence as far as it could. It 
would be hopelessly tedious to discuss all the exceptional cases 
of the same species, now living at distant and separated points; 
nor do I for a moment pretend that any explanation could be 
olfcred of many instances. 13ut after some preliminary remarks, 
1 will discuss a few of the most striking classes of facts ; namely, 
the existence of the same species on the summits of distant 
mountain-ranges, and at distant points in the arctic and ant- 
arctic regions; and secondly (in the folloAving chapter), the 
wide distribution of fresh-water productions ; and thirdly, the 
occurrence of the same terrestrial species on islands and on the 
main-land, though separated by hundreds of miles of open sea. 
If the existence of the same species at distant and isolated 
points of the earth’s surface, can in many instances be ex- 
plained on the view of each species having migrated from a 
single birthplace; then, considering our ignorance with respect 
to former cliinatal and geographical changes, and to the various 
occasional means of transport, the belief that a single birthplace 
is the law, seems to me incomparably the safest. 

In discussing this subject, we shall be enabled at the same 
time to consider a point crpially important for us, namely, 
whether the several s])ccics of a genus, which must on the 
theory all be descended from a common progenitor, can have 
migrated, undergoing modification during their migration, from 
some one area. When most of the species inhabiting one re- 
gion are difl'erent from those of another region, but are closely 
allied or belong to the same genera, if in all such oases it can 
be shown that there probably has been at soJiie former ])criod 
migration from the one region to the other, our general view 
will be much strengthened ; for the explanation is obvious on 
the principle of descent with modification. A volcanic island, 
for instance, upheaved and fonned at the distance of a few 
hundreds of miles from a continent, would probably receive from 
it in the course of time a few colonists, and their descendants, 
though modified, would still be related by inheritance to the 
inhabitants of that continent. Cases of this nature are common, 
and arc, as we shall hereafter see, inexj)licablc on the theory of 
indejiemhmt creation. This view of the relation of the species 
of one region to those of another, docs not differ much from 
that advanced by ^Ir. AVallace, who concludes that ‘‘every spe- 
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cics lias come into existence coincident both in S})acc and time 
with a pivcxislino- closely-allied species.” And I now know that 
lie attributes this coincidence to descent with modification. 

The discussion on ‘‘ single and nmltiple centres of crea- 
tion ” docs not directly b<‘ar on another allied cpieslion — 
namely, whether all the individuals of the same s])ccics arc 
descended from a single pair, or single hcrmajihrodite, or 
whether, as some authors suppose, from many individuals si- 
multaneously created. With organic beings which never inter- 
cross, if such exist, each species must be descended from a suc- 
cession of modified varieties, which have supplanted each 
other, but which have never blended with other individuals 
or varieties of the same species; so that, at cacli successive 
stage of modification and improvement, all the individuals 
of the same variety will be descended from a single parent. 
Jbit in the great majority of cases, namely, with all organisms 
^vInch hal)itually unite for each birth, or which occasionally inter- 
cross, the individuals of the same species inhabiting the same 
area will be kept nearly uniform by intcrci'ossing; so that 
many individuals will go on simultaneously changing, and the 
whole amount of modification at each stage will not be due to 
dcsccjit from a single parent. To illustrate what I mean : our 
English race-horses differ from the horses of every other breed ; 
but they do not owe their difTcrence and superiority to descent 
from any single pair, but to continued care in tlic selecting 
and training of many individuals during each generation. 

Before discussing the three classes of facts, which I have 
selected as presenting the greatest amount of dilliculty on the 
theory of single centres of creation,” I must say a few words 
on the means of dispersal. 

Jfea?is of JDhj)crsaI, 

Sir G. Lycll and other authors have ably treated this sub- 
ject. I can give here only the briefest abstract of the more 
important facts. Change of cTunatc must have had a ])ower- 
ful influence on migration ; an impassable n'gion when its 
climate was different from what it now is, may have been a 
high-road for migration ; T shall, however, presently have to 
discuss this branch of the subject in some detail. Changes of 
level in the land must also have been highly influential : a 
narrow isthmus now separates two marine faunas; submerge 
it, or let it fonncrly have been submerged, and the two faunas 
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^vill now blend or may formerly have blended : where the sea 
now extends, land may at former })eriods have eonnected 
islands or possibly even continents together, and thus have 
allowed terrestrial productions to pass from one to the other. 
No geologist will dispute that great mutations of level have 
occuiTcd within the period of existing organisms. Edward 
h^orbes insisted that all the islands in tlie Atlantic must have 
been recently connected with Europe or Africa, and Euroi)0 
likewise with America. Other authors have thus h^'potheti- 
cally bridged over every ocean, and united almost every island 
to some main-land. If, indeed, the arguments used by Forbes 
are to be trusted, it must be admitted that scarcely a single 
island exists which has not recently been united to some conti- 
nent. This view cuts the Gordian knot of the dispersal of the 
same species to the most distant points, and removes many a 
diniculty : but, to the best of my judgment, we arc not author- 
ized in admitting such enormous gcograpliical changes within 
the period of existing species. It seems to me that we have 
abundant evidence of great oscillations in the level of the land 
or sea ; but not of such vast changes in the position and exten- 
sion of our continents, as to have united them within the 
recent period to each other and to the several intervening 
oceanic islands. I freely admit the former existence of many 
islands, now buried beneath the sea, which may have served 
as halting-places for plants and for many animals during their 
migration. In the coral-producing oceans such sunken islands 
arc now marked by rings of coral or atolls standing over them. 
AVheneverit is fully admitted, as no doubt it will some day be, 
that each species has proceeded from a single birthplace, and 
when in the course of time we know something definite about 
the means of distribution, we shall be enabled to speculate with 
security on the former extension of the land. Hut I do not be- 
lieve that it will ever be proved that within the recent period 
most of our continents which now stand quite separate, have 
lieen continuously, or almost continuously, united with each oth- 
er, and with the many existing oceanic islands. Several facts in 
distribution — such as the great differenee in the marine faunas 
on the 0]>posite sides of almost every continent — the close re- 
lation of the tertiary inhabitants of several lands and even seas 
to their ]iresent inhabitants — the degree of allinity between 
the mammals inhabiting islands with those of the nearest con- 
tinent, being in part determined (as we shall hereafter see) by 
the depth of the intervening ocean — these and other such facts 
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scoin to me o])j)osed to tlic admission of sncli i)rodigioiis gco- 
grajdiical revolutions 'within the recent period, as are uccessar}^ 
on the view advanced hj" Forbes and admitted by liis many 
followers. The nature and relative proportions of the inhab- 
itants of oceanic islands likewise seem to me opposed to the 
belief of their former continuity 'with continents. Nor does 
Die almost univei'sally volcanic composition of such islands 
favor the admission that tlicy arc the 'wrecks of sunken conti- 
nents; if they had originally existed as continental inountaiu- 
langcs, some at least of the islands would have been formed, 
like otlicr mountain-summits, of granite, metamorphic schists, 
old fossiliferous and other rocks, instead of consisting of mere 
piles of volcanic matter. 

I nmst now say a fe^v words on what arc called accidental 
means, but which more propcrlj" should be called occasional 
means of distribution. I shall here confine myself to jdants. In 
botanical works, this or that plant is stated to be ill adapted for 
wide dissemination ; but for transport across the sea the greater 
or less facilities may be said to be almost wholly unkno^ni. 
Until I tried, with Mr. ]3erkeley’s aid, a few experiments, it 
'svas not even known how far seeds could resist the injurious 
action of sea-water. To my surprise, I found that, out of 87 
kinds, G4 germinated after an immersion of 528 days, and a few 
sur\dved an immersion of 137 days. It deserves notice that 
certain orders were far more injured than others : nine Lcgii- 
minosm were tried, and, with one exception, they resisted the 
salt-^vatcr badly ; seven species of the allied orders, Ilydi-o- 
jihjdlaceac and Polcmoniaccie were all killed by a month’s im- 
mersion. For convenience’ sake I chiefly tried small seeds, 
without the capsule or fruit ; and, as all of these sank in a few 
days, they could not have been floated across wide spaces of 
th(^ sea, whether or not they were injured by the salt-Avalcr. 
Afterward I tried some larger fruits, cajisules, etc., and some 
of these floatc<l for a long time. It is well known what a dif- 
ference there is in the buoyancy of green and seasoned tim- 
ber ; and it occurred to me that floods might wash down plants 
or Iwanches, and that these might be dried on the banks, and 
tlicn by a fresh rise in the stream be washed into the sea. 
Hence I was led to dry stems and branches of 94 jilants with 
ri])c fruit, and to place them on sea-water. The majority sank 
fluickly, l)ut some, which while green floated for a very short 
time, when dried floated much longer; for instance, rij^e hazel- 
nuts sank immediately, but when dried they floated for 00 
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d;iy.s, and afterward wlien planted tliey ircnninatcd ; an aspar- 
agus-plant ^vith ripe berries llodtcd for 23 days, wlien dried it 
lloated for 85 days, and the seeds afterward germinated ; the 
ripe seeds of Hclosciadium sank in two days, wlien dried they 
lloat('d for above 90 days, and afterward genninated. Alto- 
gether, out of the 94 dried plants, 18 floated for above 28 
days, and some of the 18 lloated for a very much longer period. 
So that as -J;i seeds germinated after an immersion of 28 days; 
and as | J i)lants with ripe fruit (but not all the same species 
as in the foregoing experiment) floated, after being dried, for 
above 28 days, as far as we may infer any thing from tlicse 
scanty facts, we may conclude that the seeds of ])lants of 
any country might ho floated b}^ sea-currents during 28 days, 
and would retain their power of germination. In Johnston’s 
Physical Atlas, the average rate of the several Atlantic cur- 
iVnts is 33 miles per diem (some currents running at the rate 
of GO miles per diem) ; on tliis average, the seeds of yYd' pl^^^ds 
bedonging to one country miglit be floated across 924 miles 
of sea to another country ; and when stranded, if blown to a 
favorable spot by an inland gale, they would germinate. 

Subsequently to my experiments, M. Martens tried similar 
ones, but in a much better manner, for he placed the seeds in 
a box in the actual sea, so that they were alternately wet and 
exposed to the air like really floating plants. He tried 98 
seeds, mostly dilTcrcnt from mine ; but he chose many large 
fruits and likewise seeds from plants which live near the sea; 
and this would have favored the average length of their flota- 
tion and of their resistance to the injurious action of the salt- 
water. On the other hand, he did not preHously dry tlic 
plants or branches with the fruit ; and this, as we have seen, 
^vould have caused some of them to have floated mucli longer. 
Tlic result was, that of his seeds floated for 42 days, and 
were then capable of germination. But I do not doubt that 
]danis exposed to the waves would float for a less time than 
those protected from violent movement as in our experiments. 
Therefore it would perhaps be safer to assume that the seeds 
of about plants of a flora, after having been dried, could 
be floated across a space of sea 900 miles in width, and would 
then germinate. The fact of the larger fruits often floating 
longer than the small, is interesting; as plants with large 
seeds or fruit could hardly be transported by any other means ; 
and Alph. do Candolle has shown that such plants generally 
have 2 *cstrictcd ranges. 
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But seeds may l^e occasionally transported in anotlicr man- 
ner. Drift-timber is thrown up on most islands, even on those 
in the midst of tlic widest oceans ; and the natives of the 
coral-islands in the Pacific procnie stones for their tools, solely 
fiom the roots of drifted trees, these stones being a valuable 
royal tax. I find, on examination, that, when irregularly- 
shaped stones arc embedded in the roots of trees, small parcels 
of earth are very frequently enclosed in their interstices and 
behind them — so perfectly that not a particle could be washed 
away in the longest transport : out of one small portion of. 
earth thus completcbj enclosed by wood in an oak about 50 
years old, three dicotyledonous plants germinated : I am cer- 
tain of the accuracy of this observatiop. Again, I can show 
that the carcasses of birds, when floating on tlie sea, sometimes 
escape being immediately devoured ; and seeds of many kinds 
in the crops of floating birds long retain their vitality : jieas 
and’vctches, for instance, arc killed by even a few days’ immer- 
sion in sea-water; but some taken out of the cro]) of a pigeon, 
which had floated on artificial salt-water for 30 days, to my 
surjirise ncai'ly all germinated. 

Linng birds can hardly fail to be highly-cffcclive agents in 
the transportation of seeds. I could give many facts showing 
how frequently birds of many kinds are blown by gales to vast 
distances across the ocean. We may safely assume that under 
such circumstances their rate of flight would often be 35 miles 
an hour ; and some authors have given a far higher cstimat'C. 
I have never seen an instance of nutritious seeds passing 
through the intestines of a bird ; but hard seeds of fruit pass 
uninjured through even the digestive organs of a turkey. In 
the course of two months, I ]neked up in my garden 12 kinds 
of seeds, out of the excrement of small birds, and these seemed 
perfect, and some of them, which were tried, germinated. But 
the following fact is more important : the cro])s of birds do not 
secrete gastric juice, and do not, as I know by trial, injure in 
the least the germination of seeds ; now, after a bird has found 
and devoured a large sujiply of food, it is positively assertcal 
that all the grains do imt pass into the gizzard for twelve or 
ev(‘ii eighteen hours. A bird in this interval might easily b(^ 
blown to the distance of 500 miles, and hawks are known to 
look out for tired birds, and the contents of tluMi* torn crops 
might thus readily get scattered. Some hawks .and owls bolt 
their prey whole, and, after an interval of from twelve to 
twenty hours, disgorge pellets, which, as I know from cxjicri- 
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niciits made in the Zoological Gardens, include seeds capable of 
germination. Some seeds of the oat, ’wheat, millet, canary, hemp, 
clover, and beet, germinated after ha\nng been from twelve to 
Iwcnly-onc hours in the stomachs of diircrcnt birds of prey; 
and two seeds of beet grew after having been thus retainecl 
for two days and fourteen hours. Fresh-water fish, I find, eat 
seeds of many land and water plants : fisli arc frccpiently de- 
voured by birds, and thus the seeds might be transported from 
])lace to place. I forced many kinds of seeds into the stomachs 
of dead (ish, and then gave their bodies to fishing-eagles, storks, 
and pelicans ; these birds, after an interval of many hours, either 
rejected the seeds in pellets or passed them in their excre- 
ment ; and several of these seeds retained the power of ger- 
mination. Certain seeds, however, were always killed by this 
jirocess. 

Locusts are sometimes blo’im to great distances from the 
land; I myself caught one 370 miles from the coast of Africa,' 
and have heard of others caught at greater distances. The 
Kev. K. T. Lowe infonns Sir C. Lyell that, in November, 1844, 
swarms of locusts visited the island of Madeira. They were in 
countless numbers, as thick as the flakes of snow in the heavi- 
est snow-storm, and extended upward as far as could be seen 
with a telescope. During two or 'tlircc days they slowly ca- 
reered round in the air in an immense ellipse, at least five or 
six miles in diameter, and at night alighted on the taller trees, 
which were completely coated with them. They then disap- 
]icarcd over the sea, as suddenly as they had appeared, and 
have not since visited the island. Now, in parts of Natal it is 
believed by some of the farmers, though on quite insuflicient 
(‘vidence, that injurious seeds are introduced into their grass- 
land in the dung left by the great flights of locusts which often 
visit that country. In consequence of this belief, Mr. AVeale 
scut me in a letter a small ])ackct of the dried pellets, out of 
which I extracted under the microscope several seeds, and 
raised from them seven gi*ass-plants, belonging to two spe- 
cies, in two genera. Hence a swarm of locusts, such as that 
which visited Madeira, might readily be the means of introdu- 
cing several kinds of plants into an island lying far from the 
main-land. 

Although the beaks and feet of birds are generally clean, 
earth sometimes adheres to them : in one easel removed sixty- 
one grains, and in another case twenty-two grains of dry argil- 
laceous earth from one foot of a ])artridge, and in the earth 
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there was a pebble as lar^e as the seed of a vetcli. Here is a 
better case : tlie leo^ of a woodcock was sent to me by a friend, 
witli a little cake of dry earth attached to the shank, weighinij^ 
only nine gaains ; and this contained a sectl of the toad- 
rush (Jiincus bufonius) which germinated and flowered. Mr. 
Swaysland, of Brighton, who has paid such close attention to 
our migratory birds during the last forty years, informs me that 
he has often shot wagtails (motacillm)', wheatears, and wliin- 
chats (saxicolte), on their first arrival, before they had alight- 
ed on our sliores, and has several times noticed little eakes of 
eartli on their feet. Many facts could be given showing how 
the soil is almost everywhere charged with seeds. For in- 
stance, Prof. Newton sent me tlie leg of a red-legged partridge 
(Caccabis rufa) which had been wounded and could not fly, 
with a ball of hard earth adhering to it, and weighing six and 
a half oimccs. The earth had been kept for three years, but 
•when broken, watered, and placed under a bell glass, no less 
than 82 plants sprung from it: these consisted of 12 monoco- 
tyledons, including the common oat, and at least one kind of 
grass, and of 70 dicotyledons, which consisted, judging from 
the young leaves, of at least three distinct species. ^V'ith such 
facts before us, can we doubt that the many birds which are 
annually blown by gales across great spaces of ocean, and which 
annually migrate — for instance, the millions of quails across 
the ^hHliterrancan — must occasionally transport a few seeds 
embedded in dirt adheriiig to their feet or beaks? But I shall 
have to recur to this subject. 

As icebergs arc known to be sometimes loaded with earth 
and stones, and have even carried brusliwood, bones, and the 
nest of a land-bird, it can hardly be doubted that they must 
occasionally, as suggested by Lyell, have transported seeds 
from one part to another of the arctic and antarctic regions ; 
and, during the Glacial period, from one part of the now tem- 
])erate regions to another. In the iVzores, from the large 
number of plants common to Europe, in comparison with the 
species in the other islands of the Atlautie, which stand nearer 
to the main-land, and (as remarked by Mr. II. C. Watson) from 
their somewhat northern characli*r in eomparison with the lati- 
tude, 1 suspected that these i.slands had been ]>artly stocked 
by ii*c-borne seeds, during the Glacial epoch. At my request 
Sir C. Eyell wrote to M. Ilartung to iiu(uire whether he had 
observed erratic bowlders on these islands, and he answered 
that he had found large fragments of granite and other rocks, 
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wliicli do not occur in the archipelap^o. Hence Ave may safely 
infer that icebergs formerly landed their rocky burdens on the 
shores of these mid-ocean islands, and it is at least possible 
that they may have brought thitlier the seeds of northern 
plants. 

Considering that these several means of transport, and that 
other means, which without doubt remain to be discovered, 
have been in action year after year, for tens of thousands of 
years, it would, I think, be a maiweJlous fact if many plants had 
not thus become widely transported. These means of trans- 
port are sometimes called accidental, but this is not strictly 
correct : the currents of the sea are not accidental, nor is the 
direction of prevalent gales of wind. It should be observed 
that scarcely any means of transport would carry seeds for 
very great distances; for seeds do not retain their vitality 
when exposed for a great length of time to the action of sea- 
water; nor could they be long carried in the crops or intes-* 
tines of birds. These means, however, would suffice for occa- 
sional transport across tracts of sea some hundred miles in 
breadth, or from island to island, or from a continent to a 
neighboring island, but not from one distant continent to 
another. The floras of distant continents would not by such 
means become mingled; but would I’cmain as distinct as they 
now are. Tlie currents, from their course, would never bring 
seeds from North America to Britain, though tliey might and 
do bring seeds from the West Indies to our western shores, 
where, if not killed by their very long immersion in salt-water, 
they could not endure our climate. iVlmost every year, one or 
two land-birds are blown across the whole Atlantic Ocean, 
from North America to the western shores of Ireland and 
England ; but seeds could be transported by these rare wan- 
derers only by one means, namely, by dirt adhering to their 
feet or beaks, which is in itself a rare accident. Even in this 
case, how small the chance would be of a seed falling on fa- 
vorable soil, and coming to maturity! 13ut it would be a great 
error to argue that because a well-stookcd island, like Groat 
Ih-itain, has not, as far as is known (and it would be very diffi- 
cult to ])i’ove this), received within the last few' eenlurics, 
through occasional means of transport, immigrants from Eu- 
rope or any other continent, that a poorl 3 '-stocked island, 
though standing more remote from the main-land, 'would not 
receive colonists by similar means. Out of a hundred seeds 
or aniFiials transported to an island, even if far less well 
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stocked than Britain, jiorliaps not more than one would be so 
well iitted to its new home as to become naturalized. But 
this, as it seems to me, is no valid argument against what 
would be effected by occasional means of transport, during the 
long lapse of geological time, while the island was being up- 
heaved, and before it had become fully stocked with inhabit- 
ants. On almost bare land, 'vnth few or no destructive insects 
or birds living there, nearly every seed which chanced to arrive, 
if fitted for tlie climate, would germinate and survive. 

Disjyersal duruuj the Glacial Period, 

The identity of many plants and animals, on mountain- 
summits, scjxarated from each other by hundreds of miles of 
lowlands, where xVlpinc species could not possibly exist, is one 
of the most strildng cases known of the same species living at 
distant points, ^nthout the apparent possibility of their having 
migrated from one point to the other. It is indeed a remark- 
able fact to sec so many plants of the same species living on 
the snowy regions of the Alps or Pyrenees, and in the extreme 
northern parts of Europe; but it is far more remarkable that 
the plants on the White Mountains, in the United States of 
America, are all the same with those of Labrador, and nearly 
all the same, as wc hear from Asa Gray, with those on the 
loftiest mountains of Europe. Even as long ago as 1747, such 
facts led Gmclin to conclude that the same species must have 
been independently created at several distinct points ; and we 
might have remained in this same belief, had not Agassiz and 
others called vivid attention to the Glacial period, which, as 
wc shall immediately sec, affords a simple explanation of these 
facts. We have evidence of almost every conceiv’able kind, 
organic and inorganic, that, within a very recent geological 
period, central Europe and North America suffered under an 
arctic climate. The ruins of a house burnt by fire do not tell 
their talc more plainly than do the mountains of Scotland and 
Wales, with their scored flanks, polished surfaces, and ]ierehed 
bowlders, of the icy streams with which tlu^ir valleys were late- 
ly filled. So greatly has the climate of Europe changed, that, 
in Northern Italy, gigantic moraines, hfft by old glaciers, are 
now clothed by the vine aiul maize. Throughout a large part 
of the United States, erratic bowlders and scored rocks plainly 
reveal a former cold period. 

T\\e former influence of the glacial climate on the distribu- 
15 
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lion of the inliabitants of Europe, as explained by Edward 
Forbes, is substantially as follows. But we shall follow the 
ehanges more readilj", by supposing a new glacial period slowly 
to eoine on, and then pass awa^^ as formerly occurred. As the 
cold came on, and as each more southern zone became fitted 
for the inhabitants of the north, they would take the places of 
the former inhabitants of the temperate regions. The latter, 
at the same time, would travel farther and farther southward, 
unless they were sto]5ped by barriers, in which case they would 
perish. The mountains would become covered with snow and 
ice, and their former Al]iine inhabitants would descend to the 
plains. By the time that the cold had reached its maximum, 
we should have an arctic fauna and flora, covering the central 
parts of Europe, as far south as the Alps and Pyrenees, and 
even stretching into Spain. The now temperate regions of the 
United States would likewise be covered by arctic plants and 
animals, and these would be nearly the same Avith those of 
Europe ; for the present circumpolar inhabitants, which we sup- 
pose to have everywhere travelled southward, are remarkably 
uniform round the world. 

As the warmth returned, the arctic forms would retreat 
northward, closely followed up in their retreat by the produc- 
tions of the more temperate regions. And as the snow melted 
from the bases of the mountains, the arctic forms would seize 
on tlie cleared and thawed ground, always ascending, as the 
warmth increased and the snow still further disappeared, higher 
and higher, while their brethren were pursuing their northern 
journc}'. Hence, when the warmth had fully returned, the 
same s])ccies, which had lately lived together in a body on the 
European and North American lowlands, would again bt? found 
in the arctic regions of the Old and New AVorlds, and on many 
isolated mountain-summits far distant from each other. 

Thus we can understalul the identity of many plants at 
points so immensely remote as on the mountains of the United 
States and of Europe. We can thus also understand the fact 
that the Alpine plants of each mountain-range are more espe- 
cially related to the arctic forms living due north or nearly due 
north of them : for the first migration when the cold came on, 
and the remigration on the returning warmth, would generally 
have been due south and north. Tlie Alpine plants, for exaiu- 
])le, of Scotland, as remarked by ^Ir. II. C. Watson, and those 
of the Pyrenees, as remarked by Ramond, arc more csj^ccially 
allied to the plants of northern Scandinavia; those of the 
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United Stales to Labrador; those of the mountains of Siberia 
to tlie arctic regions of that countiy. Idicsc views, gi’ouiulcd 
as they arc on the perfectly well-ascertained occurrence of a 
former Glacial period, seem to me to explain in so satisfactory 
a manner the present distribution of the Alpine and arctic j)ro- 
ductions of Europe and America, that, when in other regions 
we find the same species on distant mountain-summits, we may 
almost conclude, without other evidence, that a colder climate 
formerly permitted their migration across the intcn'cning low- 
lands, now become too warm for their existence. 

As the arctic forms moved first southward and afterward 
backward to the north, in unison with the changing climate, 
they will not have been exposed during their long migrations 
to any great diversity of temperature ; and, as they all migrated 
in a body together, their mutual relations will not have been 
much disturbed. Ilencc, in accordance with the principles in- 
culcated in this volume, these forms will not have been liablp 
to much modification. But with the Alpine productions, left 
isolated from the moment of the returning warmth, first at the 
bases and ultimatel3'on the summits of the mountains, the case 
will have been somewhat difierent; for it is not likely that all 
the same arctic species will have been left on mountain-ranges 
far distant from each other, and have survived there ever since; 
they will, also, in all probabilitv, have become mingled with 
ancient Al])inc species, which must have existed on the moun- 
tains before the commencement of the Glacial epoch, and which 
during its coldest ]>eriod will have been tcm]:)oraril}" driven 
down to the ]ilains ; they ^^^ll, also, have been exposed to some- 
what difierent climatal infiucnccs. Their mutual relations will 
thus have been in some degree disturbed ; consequent!}" tluy 
will have been liable to modification; and this we tind has been 
the case : for if we compare the present Al])inc jfiaiits and ani- 
mals of the several great European mountain-ranges one with 
another, though many of the species remain identical!}" the same, 
some exist as varieties, some as doubtful forms or sub-species, 
and some as certainly distinct yet closely-allied species repre- 
senting each other on the several ranges. 

In the foregoing illustration I have assumed that at the 
commencement of our imaginary Glacial period, the arctic pro- 
ductions Avere as uniform round the polar regions as they arc 
at the pre.sent day. But it is iieees.sary also to include many 
sulwirctic and some fi‘w leinj)cra(e forms, for some of these are 
the same on the lower mountain-slopes and on the plains of 
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North America and Europe ; and it may be asked how I ac- 
count for tliis degree of uniformity in the sub-arctic and temper- 
ate forms round tlie world, at tlie commencement of tlie real 
Glacial period. At the present day, the sub-arctic and northern 
tem])cratc productions of the Old and New Worlds are sepa- 
rated from each other by the whole Atlantic Ocean and by the 
northern part of the Pacific. During the Glacial period, when 
the inhabitants of the Old and New Worlds lived farther south- 
ward than they do at present, they must have been still more 
completely separated from each other by Avidcr spaces of ocean ; 
so that it may well be asked how the same species could have 
entered the two continents then so widely separated. The cx- 
j)lanation, I believe, lies in the nature of the climate before the 
commencement of the Glacial period. At this, the newer Plio- 
cene period, the majority of the inhabitants of the world were 
specifically the same as noAV, and we have good reason to 
believe that the climate was warmer than at the jircsent day. 
Hence we may suppose that the organisms which now live un- 
der latitude GO^, lived during the Pliocene ]ieriod farther north 
under the Polar Circle, in latitude GG^-Gl^ ; and that the pres- 
ent arctic productions then lived on the broken land still nearer 
to the pole. Now, if we look at a terrestrial globe, we see un- 
der the Polar Circle that there is almost continuous land from 
western Europe, through Siberia, to eastern America. And 
this continuity of the circumpolar land, with the consequent 
freedom under a more favorable climate for intermigration, will 
account for the supposed uniformity of the sub-arctic and tem- 
perate productions of the Old and New Worlds, at a period 
anterior to the Glacial epoch. 

Believing, from reasons before alluded to, that our conti- 
nents have long remained in nearly the same relative position, 
though subjected to large but partial oscillations of level, I 
am strongly inclined to extend the above view, and to infer 
that during some still earlier and still vrarmcr period, such as 
the older Idiocenc period, a large number of tlie same ]dants 
and animals inhabited the almost continuous circumpolar land ; 
and that these plants and animals, both in the Old and New 
^^"orlds, began slowly to migrate southward as the climate be- 
came less warm, long before the commencement of the Glacial 
period. We now see, as I believe, their descendant.^;, mostly 
in a modified condition, in the central ]iarts of Europe and the 
United States. On this \dew we can understand the relation- 
ship, witli very little identity, between the productions of 
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Nortli America and Europe — a relationsliip which is highl v 
remarkable, considering the distance of the two areas, and 
tlicir sci)aration by the wliolc Atlantic Ocean. We ean fur- 
ther understand the singular fact remarked on by several 
observers, tliat the productions of Europe and America during 
the later tertiary stages were more closely related to eaclj 
other than they arc at the present time ; for during these 
warmer periods the northern parts of the Old and New Worlds 
will have been almost continuously united by land, serving as 
a bridge, since rendered impassable l)y eold, for the intcrini- 
gration of their inhabitants. 

During the slowly-decreasing warmth of the Pliocene pe- 
riod, as soon as the species in common, which inhabited the 
New and Old Worlds, migrated south of the Polar Circle, they 
would be completely cut off from each other. This separation, 
as -far as the more temperate productions are concerned, must 
liavc taken place long ages ago. As the plants and animals 
migrated southward, they would become mingled in tlie one 
great region with the native American productions, and would 
have had to compete with them ; and, in the other great region, 
with those of the Old World. Consequently we have hero 
every thing favoraldc for much modification — for hir more 
modification than with the AJpinc productions, left isolated, 
within a much more recent period, on the several mountain- 
ranges and on the arctic lands of Europe and North America. 
Hence it has come that, when we compare the now living pro- 
ductions of the temperate regions of the New and Old Worlds, 
we find very few identical species (though Asa Gray has late- 
ly shown that more plants are identical than was formerly su]i- 
jiosed), but we find in every great class many forms, \vhich 
some naturalists rank as gcograpliical races, and others as dis- 
tinct sjiecics; and a host of closely-allied or representative 
forms which are ranked by all naturalists as specifically dis- 
tinct. 

As on the land, so in the waters of the sea, a slow southern 
migration of a marine fauna, whicli, during the Pliocene or 
even a somewhat earlier period, was nearly uniform along tlie 
continuous shores of the l^olar Circle, ^vill account, on the the- 
ory of modification, for many closely-allied forms now living 
in marine areas completely sundered. Thus, I think, we can 
understand the ])rescncc of some still existing and of some ter- 
tiary closely-allied forms on the eastern and western shores of 
temperate North America ; and the still more striking fact of 
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many closoly-allied crustaceans (as described in Dana’s admir- 
able work), of some lish and other marine animals, in the Med- 
iterranean and ill the seas of Japan — tliese two areas being 
now coinjdetely separated by the breadth of a whole continent 
and Ijy a wide space of ocean. 

These cases of close relationship in species cither now or 
formerly inhabiting the seas on the eastern and western shores 
of North America, the Mcditcrraiican, and Japan, and the tem- 
perate lands of North America and Europe, are inexplicable 
on the theory of creation. We cannot maintain that such spe- 
cies have been created alike, in coiTCspondcncc with the near- 
ly similar physical conditions of the areas ; for if we compaiH*, 
for instance, certain parts of South America with ])arts of 
South Africa or Australia, we sec conntHcs closely similar in 
all their physical conditions, l^nt with inhabitants utterly dis- 
similar. 

Alternate Glacial Periods of the Korth and South, 

But we must return to our more immediate subject. J am 
convinced that Forbes’s view may be largely extended. In 
Europe we meet with the plainest evidence of the Glacial ])c- 
riod, from the western shores of Britain to the Ural range, and 
southward to the Pyrenees. We may infer, from the frozen 
mammals and nature of the mountain vegetation, that Siberia 
was similarly aflccted. In the Lebanon, according to Dr. 
Hooker, perpetual snow formerly covered the central axis, and 
fed glaciers Avhicli rolled 4,000 feet doAvn its A'alleys. Along 
the Himalaya, at points 000 miles apart, glaciers have left the 
marks of their former low descent ; and, in Sikkim, Dr. Hooker 
saw maize growing on gigantic ancient moraines. Soutlnvard 
of the Asiatic Continent, on the opposite side of the equator, 
we now know, from the excellent researches of Dr. J. Ilaast 
and Dr. Hector, that immense glaciers formerly descended to 
a low level in New Zealand ; and the same plants found by 
Dr. Hooker on widely-separated mountains in this island tell 
the same story of a former cold period. From facts communi- 
cated to me l)y the Bev. W. B. Clarke, it a]>pears also that 
there are traces of former glacial action on the mountains of 
the southeastern corner of Australia. 

Looking to America : in the northern half, ice-born frag- 
ments of rock have been observed on the eastern .side of the 
continent, as far south as lat. 3G°-3?°, and on the shores of the 
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Piieinc, where the climate is now so clifierent, as far south as 
lat 40°. Erratic l)owldcrs have, also, been noticed on tlic 
Itocky Mountains. In the Cordillera of South America, nearly 
under the ecjuator, glaciers onee extended far below their pres- 
ent level. Ill central Chili I examined a vast mound of detri- 
tus with great bowlders, crossing the Portillo vallej’, which 
there can hardly be a doubt once formed a huge moraine ; and 
jMr. D. Forbes informs me that he found in various parts of the 
Cordillera, from lat, 13° to 30° S., at about the height of 

12.000 feet, decply-funowed rocks, resembling those Avith 
which he was familiar in Norway, and likcAvise great masses 
of detritus, including grooved pebbles. Along this Avholc 
space of the Cordillera true glaciers do not now exist even at 
much more considerable hciglits. Farther south on both sides 
of the continent, from lat. 41° to the southernmost extremit}^, 
AS’C have the clearest evidence of former glacial action, in mi- 
ineroiis immense bowlders transported far from their parent 
source. 

From these several facts, namely, from the glacial action 
Inu'ing extended all round the northern and southern hemis- 
pheres — from the period having been in a geological sense re- 
cent in both hemispheres — from its haAung lasted in both dur- 
ing a great length of time, as may be inferred from the amount 
of work eflected — and lastly from glaciers having recentl}^ de- 
scended to a low level along the whole line of the Cordillera, it 
formerly appeared to me that we could not aA'oid the conclusion 
that the temperature of the whole world had been simultane- 
ously lowered during the Glacial period. But now ^Ir. Croll, 
in a series of admiralde memoirs, lias attempted to show that 
a glacial condition of climate is the result of vanoiis ]ihysical 
causes, brought into operation b}'’ an increase in the ccecntricity 
of the earth’s orbit. All these causes tend toward the same 
('lid ; but the most powerful appears to be the influence of the 
(‘cccntricity of the orbit upon oceanic currents. It follows, from 
Mr. Croll’s researches, that cold ])criods regularly recur every 
ten or fifteen thousand years; but that at much longer iiiter- 
Aoils the cold, owing to certain contingencies, is cxtremel}’ se- 
vere, and lasts for a great length of time. jMr. Croll believes 
that the last great Glacial period occurred about 240,000 years 
ago, and endured Avith slight alterations of climate for about 

100.000 years. With respect to more ancient Glacial jieriods, 
scA’cral geologists arc convinced from direct evidence that such 
occurrccl during the Miocene and Eocene formations, not to 
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mention still more ancient formations. But in relation to our 
present subject, the most important result arrived at by Mr. 
Croll is, that whenever the northern hemisphere passes through 
a cold ]H‘rio(l, the tcmpcratiu*c of the southern hemisphere is 
actually raised, with the winters rendered much milder, chielly 
through changes in the direction of the ocean-currents. So, 
conversely, it is with the northern hemisphere, when the south- 
ern passes through a glacial period. These conclusions have, 
as we shall immediately sec, a most important bearing on geo- 
graphical distribution ; but I 'will first give the facts wliich de- 
mand an explanation. 

Ill South America, Dr. Hooker has shown that, besides many 
closely-allied species, between forty and fifty of the flowering 
plants of Terra del Fuego, forming no inconsiderable part of 
its scanty flora, arc common to North America and Europe, 
enormously remote as these areas in opposite hemispheres arc 
from each other. On the lofty mountains of equatorial America 
a host of peculiar species belonging to Euro]X)an genera occur. 
On the Organ Mountains of Brazil, some few temperate Euro- 
pean, some Antarctic, and some Andean genera were found 
by Gardner, which do not exist in the low intervening hot 
countries. On the Silla of Caraccas the illustrious Humboldt 
long ago found species belonging to genera charactenstic of 
the Cordillera. 

In Africa, several forms characteristic of Europe and some 
few representatives of the flora of the Cape of Good Hope oc- 
cur on the Mountains of Abyssinia. At the Cape of Good 
Hope a very few European species, believed not to have been 
introduced by man, and on the mountains several representa- 
tive European forms arc found, which have not been discovered 
in the intcrtropical parts of Africa. Dr. Hooker has also lately 
shown that several of the plants li^nng on the upper parts of 
the lofty island of Fernando Po and on the neighboring Cam- 
eroon Mountains, in the Gulf of Guinea, arc closely related to 
those on the ^lountains of Abyssinia, and likewise to those of 
leinperate Europe. It now also a]:>pcars, as I hear from Dr. 
Hooker, that some of these same temperate plants have liccn 
discovt*rcd by the Bev. K. T. Lowe on the mountains of the 
Cape dc V^erdc Islands. This extension of the same temperate 
forms, almost under the equator, across the whole continent of 
Africa iind to the mountains of the Cape dc Verde archipelago, 
is one of the most astonishing facts ever recorded in the dis- 
tribution of plants. 
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On the Iliiiialaya, and on the isolated nioimla in-ranges of 
(lie Peninsula of India, on the licigbts of Ceylon, and on the 
volcanic cones of Java, many plants occur, either identically tlic 
same or representing each other, and at the same time repre- 
senting plants of Europe, not found in the intervening hot low- 
lands. A list of the genera of plants collected on the loftier 
peaks of Java raises a picture of a collection made on a hillock 
in Europe ! Still more striking is the fact that peculiar south- 
ern Australian forms are represented by certain plants grow- 
ing on the summits of the mountains of Borneo. Some of these 
Australian forms, as I hear from Dr, Hooker, extend along the 
heights of the peninsula of Malacca, and arc thinly scattered on 
the one hand over India, and on the other hand as far north as 
Japan. 

On the southern mountains of Australia, Dr. F. Muller has 
discovered several European species; other species, not intro- 
duced by man, occur on the lowlands; and a long list can be 
given, as I am informed by Dr. Hooker, of European genera, 
found in Australia, but not in the intermediate torrid regions. 
In the admirable “Introduction to the Flora of New Zealand,” 
by Dr. Hooker, analogous and strildng facts arc given in re- 
gard to the plants of that large island. Hence we sec that 
certain plants growing on the more lofty mountains of the 
tropics in all parts of the world, and on the temperate plains of 
the north and south, arc cither the same identical species or 
varieties of the same species. It should, however, be observed 
that these plants arc not strictly Arctic forms; for, as Mr. H. 

AVatson has remarked, “in receding from ])olar toward 
('(piatorial latitudes, the Alpine or mountain floras really be- 
come less and less Arctic.” Besides these identical and clo.sely- 
allied forms, many species inhabbing the same* widely-sundered 
areas l)clong to genera not now found in the intermediate troj> 
ical lowlands. 

These brief remarks appl}^ to plants alone; but some few 
analogous facts could be given in regard to terrestrial animals. 
In niarinc production.'^, similar cases likewise occur; as an ex- 
am])le, I may quote a statement by the highest authority. Prof. 
Dana, that “it is certainly a wonderful fact that New Zealand 
should have a closer re.scmblance in its Crustacea to Great 
Britain, its antij)ode, than to any other ]>art of the world.” 
Sir J. Bichardson, also, speaks of the rea}>}icarance on tin* 
shores of New Zealand, Tasmania, etc., of northern forms of 
fish. Dr. Hooker informs me that twenty-five s])ecies of Alg:e 
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lire conimoii to Xew Zealand and to Europe, but have not beer 
found in the inlermcdiale tropical seas. 

From the foregoinp; facts, nanieh', the presence of temperate 
forms on the highlands across the whole of equatorial Africa, 
and along the Peninsula of India to Ce}don and the Malay archi- 
]ielago, and in a less well-marked manner across the wide cx- 
])anse of tropical South America, it appears almost certain that 
at some former period, no doubt during the most severe part 
of the Glacial period, the lowlands of these great continents 
were everywhere tenanted under the equator by a considerable 
number of temperate forms* At this ])eriod the equatorial cli- 
mate at the level of the sea was probably about the same with 
that now experienced at the height of from five to six thousand 
feet under the same latitudes, or perhaps even rather cooler. 
During this, the coldest ]ieriod, the lowlands under the equator 
must liavc been clothed with a mingled tropical and temperate 
vegetation, like that described by Hooker as growing luxuri- 
antly at the height of from four to five thousand feet on the 
lower slopes of the Himalaya, but with perhaps a still greater 
preponderance of temperate forms. So, again, on the moun- 
tainous island of Fernando Po, in the Gulf of Guinea, Mr. !Mann 
found temperate European forms beginning to appear at the 
height of about five thousand feet. On the mountains of 
Panama, at the height of only two thousand feet. Dr. Seemann 
found the vegetation like tliat of Mexico, vuth forms of the 
torrid zone harmoniously blended with thosQ of the temperate.” 

Now let us sec whether Mr. CrolPs conclusion, that when 
the northern hemisphere sutlcred from the extreme cold of the 
great Glacial period, the southern hemisphere was actually 
'warmer, throws any clear light on the present apparent I3' incx- 
idicablc distribution of various organisms in the temperate 
parts of both hemis]ihercs, and on mountains of the tropics, 
d'he Glacial period as measured by years, inust have been very 
long; and, when we remember over what vast spaces some 
naturalized plants and animals have sj)rcad within a few cen- 
turies, this period will have been ample for any amount of mi- 
gration. As the cold became more and more intense, we know 
that Arctic forms invaded the temperate legions ; and, from the 
facts just given, there can hardly be a doubt that some of the 
more vigorous, dominant, and widest-spreading temperate forms 
actually" then invaded the equatorial lowlands. The inhabitants 
of these lowlands would at the same time migrate to the tropi- 
cal and sub-tro}ncal regions of the south, for the southern hemi- 
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sphere was at tliis }:)criod warmer. On the decline of tlic Gla- 
cial period, as botii hcniispliercs gradually recovered ilicir 
former temperatures, the northern temperate forms, living on 
the lowlands under the equator, would be driven to their former 
homes or be destroyed, being replaced by the equatorial forms 
returning from the south. Some, Iiowcvcb, of the northern 
tom|)crate forms would almost certainly ascend any adjoining 
highland, where, if sunicicntly lofty, they would long survive, 
like tlie Arctic forms on the mountains of h]uropc. They might 
survive, cv’en if the climate was not perfectly lUted for them, 
for the change of temperature must hav’c been very slow, and 
plants undoubtedly possess a certain capacity for acclimatiza- 
tion, as shown by their transmitting to their olTspring dillercnt 
constitutional powders of resisting lieat and cold. 

In the regular course of ev'ents the southern hemisphere 
would be subjected to a severe Glacial period, with the northern 
hemisphere rendered warmer ; and then the southern temperate 
forms would in their turn inv’ade the equatorial lowlands. Tlie 
northern forms vvdiich had before been left on the mountains 
would now descend and mingle with the southern forms. 
These latter, when the warmth returned, vv'ould return to their 
former homes, leaving some few species on the mountains, and 
carrying southward with them some of the northern temper- 
ate forms which had descended from their mountain fastnesses. 
I'hus, vv’c should have some few species identically the same in 
the northern and southern temperate zones and on the moun- 
tains of the intermediate tropical regions. But the species left 
during a long time on tliese mountains, or in opposite hemi- 
spheres, vv^ould have to compete with many new forms, and 
would be exposed to somewhat dilTerent physical conditions ; 
hence they vv^oiild be eminently liable to modification, and 
would generally now exist asv^aricties or as reprcsentativ*c S])c- 
cies; and this is the case. We must, also, bear in mind the 
occurrence in both hemispheres of former Glacial periods ; for 
these will account, in accordance with the same principles, for 
the many quite distinct species inhabiting tlie same widely- 
separated areas, and belonging to genera not now found in the 
intermediate torrid zones. 

It is a remarkable fact, strongly insisted on by Hooker in 
regard to America, and by Aljih. do Candolle in regard to Aus- 
tralia, that hiany more identical or now slightly-modified spe- 
cies hav’c migrated from the north to the south, than in a re- 
versed direction. We see, howcv'cr, a few southern forms on 
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the mountains of Borneo and Abyssinia. I suspect that this 
prei^onderant inigTation from the nortli to the south is due to 
the greater extent of land in the north, and to the northern 
forms having existed in their own homes in greater numbers, 
and having consequently been advanced througli natural selec- 
tion and com])etition to a higher stage of perfection, or domi- 
nating ])owcr, than the southern forms. And thus, when the 
two sets became commingled in the equatorial regions, during 
the alternations of the Glacial periods, the northern forms were 
the more powerful and were able to hold their places on the 
mountains, and afterward to migrate southward with the south- 
ern forms ; but not so the southern in regard to the northern 
forms. Iji the same manner we sec, at tlic present day, that 
very many European productions cover the ground in La Plata, 
New Zealand, and to a lesser degree in Australia, and have 
beaten the natives ; whereas extremely few southcra forms 
have become naturalized in any part of the northern hemisphere, 
though hides, wool, and other objects likely to carry seeds, have 
l)cen largely imported into Europe during the last two or three 
centuries from La Plata, and during the last tliirty or forty 
years from Australia. The Ncilgherrie Mountains in India, 
however, oiler a partial exception ; for here, as I hear from Dr. 
Hooker, Australian forms are rapidly sowing themselves and 
becoming naturalized. Before the last great Glacial period, 
no doubt the intcrtropical mountains were stocked with en- 
demic Alpine forms ; but these have almost everywhere 3dcldcd 
to the more dominant forms, generated in the larger areas and 
more ellicient workshops of the north. In man}' islands the 
native productions arc nearlj^ equalled, or even outiiuinbercd, 
by those which have become naturalized ; and this is the first 
stage toward their extinction. Mountains arc islands on the 
land, and their inhabitants have yielded to those produced with- 
in the larger areas of the north, just in the same way as the 
inhabitants of real islands have eveiywhere yielded and arc 
still yielding to continental forms naturalized through man’s 
agency. 

The same ])rinciplcs apply to the distribution of terrestrial 
animals and of marine productions, in the northern and south- 
ern temperate zones, and on the inter tro}ucal mountains. 
When during the height of the Glacial period the ocean-cur- 
rents were widely dilTerent to what the}' now are,' some of the 
inhabitants of the temperate seas might have reached the equa- 
tor ; of these a few 'would perhaps at once be able to migrate 
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soutlnvard, by kceiunp^ to the cooler ciiiTCiits, A\liilc otlicrs 
iniglit HMiiaiii and survive in the cooler depths, until tlicsoiilh- 
ern hcinisplicrc was in its turn subjected to a glacial climate 
and permitted of their further progress ; in nearly the same 
manner as, according to Forbes, isolated spaces inhabited by 
Arctic productions exist to the jirescnt day in the dcei)er parts 
of the tciupcratc seas. 

I am far from supposing that all dilncultics in regard to 
the distribution and allinities of the identical and allied spe- 
cies, which now live so widely separated in the north and 
south, and somctiines on the intermediate mountain-ranges, 
are removed on the ^•ie^vs abov'c given. The exact lines of mi- 
gration cannot be indicated, ^^’'e cannot say Avhy certain spe- 
cies and not others have migrated ; why certain sj:>ccics have 
been modified and have given rise to new forms, while others 
have remained unaltered. We cannot hoj)c to exjdain such 
fficts, until we can say why one species and not another be- 
comes naturalized by man’s agency in a foreign land; why one 
species ranges twice or thrice as far, and is twice or thrice as 
common, as another species within their own homes. 

Various special dilHcultics also remain to be solved : for in- 
stance, the occurrence, ns sliOAvn by Dr. Hooker, of the same 
plants at points so enormously remote as Kerguelen Land, 
New Zealand, and Fuegia; but icebergs, as suggested by Ly- 
cll, may have been concerned in their dispersal. The existence, 
at thes(‘ and other distant points of the southern licmisphcrc, 
of species, which, though distinct, belong to genera exclusively 
confined to the south, is a more remarkable case. Some of 
tljcsc species are so distinct, that we cannot suppose that there 
has been time since the commencement of tlie last Glacial 
j>criod for their migration and subsccpicnt modification to the 
necessaiy degree. The facts seem to me to indicate that dis- 
tinct species belonging to the same genera have migrati'd in 
radiating lines from a common centre; and lam inclined to 
look ill the southern, as in the northern hemisphere, to a former 
and warmer period, before the commencement of the Glacial 
])criod, when the Antarctic lands, now covcrc'^l with ice, su]i- 
]iorted a highly peculiar and isolated flora. It may be suspected 
that, before this flora was exterminated during the last Glacial 
epoch, a few forms had been already widely dispersed to vari- 
ous points of the southern hemisphere by occasional means of 
transport, and by the aid, as lialting-jilaces, of now sunken 
islands. Thus the southern shores of America, Australia, and 
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New Zealand, have become slightly tinted by the same 

peculiar forms of life. 

Sir G. Lyell in a striking j)assage has speculated, in lan- 
guage almost identical with mine, on the clfccts of great alter- 
nations of climate throughout the world on geographical dis- 
tribution. And we have now seen that Mr. Groll’s conclusion, 
that successive Glacial periods in the one hemisphere coin- 
cided with warmer periods in the opposite hemis]diere, to- 
gether with the admission of the slow modification of species, 
explains a multitude of facts in the distribution of the same 
and of the allied forms of life in all parts of the globe. The 
living waters have flowed during certain periods from the 
north and afterward from the south, and in both eases have 
reached the equator ; but the stream of life has flowed with 
greater force fi’om the north than in the opposite direction, and 
has consequently more freely inundated the south. As the 
tide leaves its drift in horizontal lines, rising higher on the 
shores where the tide rises highest, so have the living waters 
left their living drift on our mountain-summits, in a line gently 
rising from the Arctic lowlands to a great altitude under the 
equator. The various beings thus left stranded may be com- 
]‘)ared with savage races of man, driven up and surviving in 
the mountain-fastnesses of almost every land, Avhich serve as a 
record, full of interest to us, of the former inhabitants of the 
surrounding lowlands. 



CiLvr. XII. 



I'KESIl-WATEli rnODUCTIOXS. 



8j1 



CHAPTER XII. 



GicoGUAniicAi, Distkiuutiox — continued. 



Disrtribution of Frc.‘^li-watcr Productions— On the luliabilants of Oceanic Islands— 
Absence of Ijalracbiaiis and of Terrestrial Mammals— On the Relation of Ilie In- 
habitanls of Islands to those of the nearest Main-land— On Colonization from tlje 
nearest Source with suhscqucnl Modification— Summary of the last and present 
Chapter. 

Frcsh-xcater Productions. 

As lakes and river-systems arc separated from each other 
by barriers of land, it inight have been thought that fresh- 
water productions would not have ranged widely within the 
same country, tind, as the sea is apparently a still more for- 
midable barrier, that they never would have extended to dis- 
tant countries. But the case is exactly the reverse. Not only 
liave many fresh-water species, belonging to quite different 
classes, an enormous range, but allied species prevail in a re- 
markable manner tliroughout the world. I well remember, 
wlieu first collecting in the fresh waters of Brazil, feeling much 
snr]irisc at the similarity of the fresh-water insects, shells, etc., 
and at the dissimilarity of the surrounding terrestrial beings, 
comjiarcd with those of Britain. 

J5ut this power in fresh-water productions of ranging wide- 
ly, though so unexpected, can, I think, in most cases be ex- 
plained ]>y their having become fitted, in a manner bigbly 
useful to them, for short and frequent migrations from pond to 
pond, or from stream to stream ; and lial:>ility to wide disper- 
sal would follow from this capacity as aii almost necessary con- 
sei|iicnc('. M’^e can here consider only a few cases. In regard 
to fisli, I liclicve that the same species never occur in the 
fresh waters of distant continents. But on the same continent 
tlic s|)erics often range widely and almost cajniciously ; for 
two river-systems wdll have some fish in common and some 
(linefeiil. A fe\v facts seem to favor the ]iossibility of their 
oc(‘asional traiisjiort by accidental means; like tliai of the live 
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fish not rnrely dropped ]>y wliirlwinds in India, and the vitality 
of tlicir ova when removed from tljo Avater. But I am inclined 
to attribute the dispersal of fresh-Avater lish mainly to changes 
in the IcA'el of the land Avithiu the recent period haA'ing caused 
rivers to IIoav into each other. Instances, also, could be giA’en 
of this liaA-ing occurred during floods, Avithoiit any change of 
IcA'cl. The Avidc ditlerence of tlie fish on the opj)Osile sides 
of continuous mountain-ranges, Avhich from an early period 
must luiA’c completely prevented the inosculation of the river- 
systems, seenjs to lead to the same conclusion. 'With respect 
to allied fresh-AA^atcr fish occurring at A’cry distant points of the 
Avorld, no doubt there are many cases Avhich cannot at present 
be explained : but some fresh-Avater fish belong to A’ery ancient 
fonns, and in sucli cases there aauII liaA’C been ample time for 
great geograjdiical changes, and consequently time and means 
for such migration. In the second place, salt-water fish can 
Avith care be slowly accustomed to Ua’c in fresh Avater; and, 
according to Valenciennes, there is hardly a single groujA of 
Avhich all the members arc confined exclusiA^ely to fresh Avater, 
so that a marine species of a fresh-Avater group might travel 
far along the shores of the sea, and subsequently become modi- 
fied and adapted to the fresh Avaters of a distant land. 

Some SjAccies of fresh-Avater shells have A’ciy Avide ranges, 
and allied species Avhich, on our theory, are descended from a 
common parent, and must haA’c jArocccdcd from a single source, 
jArevail throughout the Avorld. Their distribution at first per- 
plexed me much, as their OA’a arc not likely to be transported 
j)y birds, and are immediately killed by sea-Avater, as arc the 
adults. I could not even understand hoAV some naturalizcnl 
sjAGcics have spread rapidly throughout the same country. But 
tAA'O facts, Avhich I haA’e obserA’ed — and no doubt many others 
remain to be observed — throAv some light on this subject. 
AMien a duck suddenly emerges from a pond coA'Cred Avith 
duck-Aveed, I liaA’c tAvice seen tliese little ]fiants adhering to 
ils back ; and it has happened to me, in remoAung a little 
dnek-Aveed from one aquarium to another, that I have quite un- 
intentionally stocked the one Avith fresh-AA*ater shells from the 
other. 13ut another agency is perhaps more efiectual : I siis- 
j)cnded a duck’s feet iu an aquarium, Avherc many o\\a of fresh- 
Avater shells Averc hatching; and I found that numbers of the 
extremely minute and just-liatched shells craAvled on the feet, 
and clung to tluMU so firmly that, Avhen taken out of the Avater, 
they could not be jarred off, though at a somcAvIiat more ad- 
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vancetl age tlicy would voluntarily drop ofT. Tlicse jiist- 
liatchcd molliisks, though acjuatic in their nature, survived on 
the duck’s feet, in dain]i air, from twelve to twenty hours ; and 
in this length of time a duck or heron might fly at least six or 
seven hundred miles, and, if bloAvii across the sea to an oceanic 
island or to, any other distant point, would be sure to alight on 
a pool or rivulet. Sir Charles Lyell informs me that a Dytiscus 
has been caught with an Ancylus (a fresh-water shell like a 
lim]:)et) firmly adhering to it; and a water-beetle of the same 
family, a Colymbetes, once flew on board the “ Beagle,” when 
forty-five miles distant from the nearest land: how much 
farther it inii^ht have been blown with a favoring gale no one 

o o o 

can toll. 

^Vith respect to ])lants, it has long been known what 
enormous ranges many frcsli-watcr, and even marsh-specie.*^, 
have, both over continents and to the most remote oceanic 
isfands. This is strikingly shown, as remarked by Alph. do 
Candolle, in large groups of terrestrial plants, which have only 
a ver}’ few aquatic members ; for these latter seem immediate- 
ly to acquire, as if in consequence, a very wide range. I 
think favorable means of dispersal explain this fact. I have be- 
fore mentioned that earth occasionally, though rarely, adheres 
in some quantity to the feet and beaks of birds. Wading- 
birds, which frequent the muddy edges of ponds, if suddenly 
flushed, would be the most likely to have muddy feet. Birds 
of this order, I can show, arc the greatest wanderers, and arc 
occasionally found on the most remote and barren islands in 
the open ocean ; they would not be likely to alight on the. sur- 
face of the sea, so that the dirt would not be washed off their 
feet ; and, when making land, they would be sure to fly to their 
natural fresh-water haunts. I do not believe that botanists 
are aware how charged the mud of ponds is with seeds : 1 
have tried several little experiments, but will here give only 
the most striking case : I took in February three table-spoon- 
fuls of mud from three dilTerent j)oints, beneath water, on the 
edge of a little })ond : this mud when dr}' weighed only GJ- 
uiuices ; I kept it covered up in my study for six months, pull- 
ing up and counting each plant as it grew; the jdants were 
of many kinds, and were altogether 537 in number; and yet 
the viscid mud was all contained in a breakfast cup ! Consid- 
ering thc.se facts, 1 think it would be an inexplicable circum- 
stance if water-birds did not transport the seeds of the same 
fresh-water plants to unstocked ponds and streams, situated at 
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very distant points. The same agency may liave come into 
play 'svitli tlie eggs of some of the smaller fresli-watcr animals. 

Other and unknown agencies probably have also played a 
part. I have stated that fresh-water fish cat some kinds of 
seeds, though tliey reject many otlier kinds after having swal- 
lowed them ; even small fish swallow seeds of moderate size, 
as of the yellow water-lily and Potaraogeton. Herons and 
other birds, century after century, have gone on daily devour- 
ing fish ; they then take flight and go to otlier waters, or are 
blown across the sea ; and we have seen that seeds retain their 
power of germination, when rejected in pellets or in excre- 
ment, many hours afterward. When I saw the great size of 
the seeds of that fine water-lily, the Nelumbium, and remem- 
bered Alph. dc Candolle’s remarks on this plant, I thought 
that its distribution must remain quite inexplicable ; but 
Audubon states that he found the seeds of the great southern 
water-lily (probably, according to Dr. Hooker, the Nelumbium 
lutcum) in a heron’s stomach ; although I do not know the 
fact, yet analogy makes me believe that a heron, fl}dng to an- 
other pond and getting a licaHy meal of fish, would ]>robabh' 
reject from its stomach a pellet containing llie seeds of the 
Nelumbium undigested ; or the seeds might be dropped by the 
bird while feeding its young, in the same way as fish arc known 
sometimes to be dropped. 

In considering these several means of distribution, it should 
be remembered tliat when a pond or stream is first formed, for 
instance, on a rising islet, it will be unoccupied; and a single 
seed or egg will have a good chance of succeeding. Although 
there always be a struggle for life between the inhabitants 
of the same pond, however few in land, yet, as the number even 
ill a well-stocked pond is small in comparison with the number 
of species inhabiting an equal area of land, the competition 
Will probably be less severe between aquatic than between ter- 
restrial species ; consequently an intruder from the waters of 
a foreign country will have a better chance of seizing on a new 
place, tlian in the case of terrestrial colonists. We should also 
remember that inanj^ fresh- water productions are low in the 
scale of nature, and we have reason to believe that low beings 
change or become modified less quickly than the high ; and this 
will give a longer time than the average for the i^igration of 
the same aquatic species. AVc should not forget the probability 
of many species having formerly ranged as continuously as 
fresh-water productions ever can range, over immense areas 
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and Laving subscrjiiently become extinct in intermcdiale re- 
gions, 13 ut the M'ide distribulion of fresli-'U’ater ]dants and of 
the lower animals, wLellier retaining the same identical form 
or in some degree modified, 1 believe mainly depends on tlic 
wide dispersal of their seeds and eggs by animals, more es- 
]^ecially by fresh-^vatcr birds, which have great powers of 
flight, and naturally travel from one piece of water to another. 

On the Inhahitants of Oceanic Islands, 

We now eome to the last of the three classes of facts, 
which 1 have selected as presenting the greatest amount of 
difliculty, if we accept the view that not only all the individ- 
uals of the same sjmeies, wherever found, have migrated from 
some one area, but that allied species, although now inhabiting 
the most distant points, have proceeded from a single area — 
th'e birth]dacc of their early progenitor. I have already stated 
tliat 1 cannot honestly admit Forbes’s ^^cw cn continental ex- 
tensions, which, if legitimately followed out, would lead to tlie 
belief that all existing islands have been continuously or 
almost continuously joined to some continent within the recent 
penod. This view would remove many diniciiltics, but it 
would not explain all the facts in regard to insular produc- 
tions. In the following remarks I shall not confine m 3 ’sclf to 
the mere question of dispersal ; but shall consider some other 
facts, which bear on the truth of the two theories of indepen- 
dent creation and of descent with modifieation. 

The species of all kinds which inhabit oceanic islands are 
few in number compared with those on equal conlinental 
areas : Al])h. de Candolle admits this for plants, and 'Wolla.s- 
ton for insects. New Zealand, for instance, with its loftj' 
mountains and diversified stations, extending over 'ISO miles 
of latitude, together with the onth'ing i.slands of Auckland, 

( amplx'll, and Chatham, contain altogether oid\' UGO kinds 
of tlow(*riiig plants; if we compare this moderate number with 
the species which swann over equal areas in Soutliwestern 
Australia or at the Cape of Good Hope, we must admit that 
something, quite iudepcndcntl}" of a ditl’erencc in the ])hv?ical 
conditioiKs, has caused so great a diflcrcncc in number. Even 
the uniform count}^ of Cambridge has 847 plants, and the little 
i.sland of Anglesca 7G4, but a few ferns and a few introduced 
plants are included in these numbers, and the comjmrison in 
some other respects is not quite fair. We have evidence that 
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llie barren island of Ascension aboriginally possessed less than 
half a dozen lowering plants ; many have now beeome 
naturalized on it, as they have on New Zealand and on every 
other oceanic island which can be named. In St. Helena there 
is reason to believe that the naturalized plants and animals 
have nearly or quite exterminated many native productions, 
lie wlio admits the doctrine of the ereation of each separate 
species, will have to admit that a sufficient number of the best 
adapted plants and animals were not created for oceanic 
islands ; for man has unintentionally stocked them far more 
fully and perfectly than did Nature. 

Although in oceanic islands the species are few in number, 
the proportion of endemic kinds (i. e., those found nowhere 
else in the world) is often extremely large. If we compare, 
for instance, the number of endemic land-shells in Madeira, or 
of endemic birds in the Galapagos Archipelago, with the num- 
ber found on any continent, and then compare the area of the 
island with that of the continent, we shall sec that this is true. 
This fact might have been theoretically expected, for, as al- 
ready explained, species occasionally arriving after long inter- 
vals of time in a new and isolated district, and having to com- 
]icte with new associates, would be eminently liable to modili- 
cation, and would often produce groups of modified descend- 
ants. But it by no means follows that, because in an island 
nearly all the species of one class arc peculiar, those of an- 
other class, or of another section of the same class, arc pecu- 
liar ; and this diflrcrcncc seems to depend partly on the species 
which are not modified having immigrated in a body, so that 
their mutual relations have not been much disturbed ; and 
partly on the frequent arrival of unmodified immigrants from 
the mother-country, with which the insular forms have inter- 
crossed. It shouhl be borne in mind that the offspring of such 
crosses would almost certainly gain in vigor ; so that even an 
occasional cross would produce more effect than might have 
been anticipated. I will give a few illustrations of the forego- 
ing remarks : in the Galapagos Islands there are 20 land-birds ; 
of these, 21 (or perhaps 23) arc peculiar, whereas of the 11 
marine birds only 2 are peculiar; and it is obvious that marine 
birds could amve at these islands much more easily and fre- 
c[ucutly than land-birds. Bermuda, on the other hand, which 
lies at about the same distance from Nortli America as the 
Galapagos Islands do from South America, and which has a 
very peculiar soil, docs not possess a single endemic land-bird ; 
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and Ave know, from !Mr. J. M. Jones’s admirable account of Ber- 
muda, that very many Nortli American birds occasionally or 
even frequently A’isit this island. Almost every year, as i am 
informed by !Mr. E. A’’. Harcourt, many European and African 
birds arc blown to Aladeira ; this island is inhabited by 00 
kinds, of whicli one alone is peculiar, though very closely 
related to a European form ; and three or four other species 
are confined to this island and to the Canaries. So that the 
islands of 13ermuda and Aladcira have been stocked from the 
neighboring continents Avith birds, which for long ages Ikia'c 
struggled together, and become mutually adapted ; hence, 
Avhen settled in their ucav homes, each kind AA'ould be kept by 
the others to its pro])cr place and hal)its, and would conse- 
quently be but little liable to modification. Any tendency to 
modification AA'oiild also be checked by intercrossing A\dth the 
unmodified immigrants from the mother-country. Aladeira, 
again, is inhabited by a Avonderful number of peculiar land- 
slmlls, AA’hcrcas not one species of sea-shell is ]Aeculiar to its 
shores : noAv, though avc do not knoAV hoAV sea-shells arc dis- 
jierscd, yet we can sec that their eggs or hirA\a?, perhaps at- 
tached to seaweed or floating timber, or to the feet of Avading- 
birds, might be transported across three or four hundred miles 
of open sea far more easily than land-shells. The difierent 
orders of insects inhabiting Aladeira present nearly similar 
eases. 

Oceanic islands arc sometimes deficient in animals of cer- 
tain whole classes, and their places are occupied by other 
elasses: thus in the Galapagos Islands reptiles, and in New 
Zealand gigantic Avinglcss birds, take, or recently took, the 
place of mammals. Although New Zealand is here siioken of 
as an oceanic island, it is in some degree doubtful Avhether it 
should be so ranked ; it is of large size, and is not sc])arated 
from Australia by a profoundly dee]) sea ; from its geological 
eharaeter and the direction of its mountain-ranges, the Ihw. 
AV. B. Clarke has lately maintained that this island, as Avell 
as Ncav Caledonia, should be considered as ap])urtenanees of 
Australia. Tuniing to plants. Dr. Hooker has shoAvn that in 
the Galapagos Islands the ])roportional numbers of the dilfer- 
ent ordtTS arc very dilferent from Avhat they an' elsewhere. 
All surli difl’erenec's in number, and the absence of certain 
whole gi’oups of animals and ])lants on islands, are generally 
accounted for by supposed difiercnces in their ])hysical condi- 
tions; but this explanation is not a little doubtful. Facility 
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of iinmip^ration seems to liiive been fully ns important as the 
nature of the conditions. 

]\Iany remarkable little facts could bog*iven ’with respect to 
the inhabitants of oceanic islands. For instance, in certain 
islands not tenanted b}^ a single mammal, some of the endemic 
plants have beautifully hooked seeds; and few relations are 
more manifest than that hooked seeds arc adapted for trans- 
portal in the ’wool or fur of quadrupeds. But a hooked seed 
might be carried to an island by other means; and the plant 
then becoming modified ’would form an endemic species, which 
might still retain the hooks, which would not form a more use- 
less appendage than the shrivelled wings under the soldered 
elytra of many insular beetles. Again, islands often possess 
trees or bushes belonging to orders elsewhere including only 
herbaceous species ; now trees, as Alph. de Candolle has shown, 
generally have, whatever the cause may be, confined ranges. 
Hence trees would be little likely to reach distant oceanic 
islands; and an herbaceous plant, which had no chance of suc- 
cessfully competing with the many fully-developed trees grow- 
ing on a continent, might, when established on an island, gain 
an advantage by growing taller and taller and overtopping the 
other herbaceous plants. In this case, natural selection would 
tend to add to the stature of the plant, to whatever order it 
belonged, and thus convert it first into a bush and then into a 
tree. 

Absence of l>at rack tans and Terrestrkd Jdammeds on Oce- 
anic Islands, 

^^^ilh res]:iect to the absence of whole orders of animals on 
oceanic islands, Bory St. Vincent long ago remarked that Ba- 
trachians (frogs, toads, newts) are never found on any of the 
many islands with which the great oceans are studded. I have 
taken ]>ains to verify this assertion, and Inu^e found it strictly 
true, with the exception of New Zealand, of the Andaman 
Islands, and perhaps of the Salomon Islands. But I have al- 
ready remarked that it is doubtful whether New Zealand ought 
to be classed as an oceanic island; and this is still more doubt- 
ful witli respect to the Andaman and Salomon groups. This 
general absence of frogs, toads, and newts, on so many oceanic 
islands cannot be accounted for by their physical condilious ; 
iiuh'cd, it seems that islands are peculiarly well fitted for these 
animals; for frogs have been introduced into Mad<‘ira, the 
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Azores, and Mauritius, and have multiplied so as to become a 
nuisance. But, as these animals and tlicir s]ia\vn arc known to 
ho immediately killed by sea-water, there would be great dilli- 
culty in their transportal across the sea, and therefore we can 
see wiiy they do not exist on any oceanic island. But wh}', on 
the theory of creation, they should not have been created there, 
it would be verj^ dillicult to explain. 

Mammals oiler another and similar case. I have carefully 
searched the oldest voyages, and as yet I have not found a 
single instance, free from doubt, of a teiTCstrial mammal (ex- 
cluding domesticated animals kept by the natives) iiihabiting 
an island situated above 300 miles from a continent or great 
continental island ; and many islands situated at a much less 
distance arc equally barren. The Falkland Islands, which are 
inhabited by a wolf-like fox, come nearest to an exception ; but 
this group cannot be considered as oceanic, as it lies on a bank 
in connection with the main-land at the distance of about 280 
miles ; moreover, icebergs formerly brought bowlders to its 
western shores, and they may have formerly transported foxes, 
as now frequently happens in the arctic regions. Yet it cannot 
be said that small islands will not support at least small mam- 
mals, for they occur in many parts of the world on very small 
islands, when lying close to a continent; and hardly an island 
can be named on which our smaller quadrupeds have not be- 
come naturalized and greatly multiplied. It cannot be said, 
on the ordinary view of creation, that there has not been time 
for the creation of mammals; many volcanic islands arc sulll- 
cientl}' ancient, as shown by the stupendous degradation which 
they have sullered, and by their tertiaiy strata: there has also 
been time for tlic production of endemic species belonging to 
other classes; and on continents it is known that mammals a])- 
pear and disajipear at a quicker rate than iiny other and lower 
animals. Although terrestrial mammals do not occur on oce- 
anic islands, aerial mammals do occur on almost every island. 
New Zealand possesses two bats found nowhere else in the 
world : Norfolk Island, the Viti Archipelago, the Bonin Islands, 
the Caroline and Marianne Archipelagoes, and !^^auritius, 
all possess their ]K*ciiliar bats, ^\dly, it may be asked, has 
the supposed creative force* produced bats and no other mam- 
mals on remote islands? On niy view this (juestion can easily 
be answered; for no terrc’strial mammal can be transported 
across a wide space of sea, but bats can lly across. Bats have 
been seen wandering by day far over the Atlantic Ocean ; and 
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two North American species citlicr rc<rularly or occasionally 
visit Berniiida, at the distance of GOO miles from the main-land. 
I hear from ^Ir. 'romes, who has specially studied this fiimily, 
that many species have enormous ranges, and are found on con- 
tinents and on far-distant islands. lienee we have only to snp- 
pose that such wandering species have been modified in their 
new homes in relation to their new position, and we can under- 
stand the presence of endemic bats on oceanic islands, with the 
absence of all other terrestrial mammals. 

Another interesting relation exists, namely, between the 
depth of the sea separating islands from each other or from the 
nearest continents, and the degree of aflUnity of their mamma- 
lian inhabitants. Mr. Windsor Earl has made some striking 
observations on this head, since greatly extended by Mr. Wal- 
lace’s admirable researches, in regard to the great Malay Ar- 
chipelago, which is traversed near Celebes by a space of deep 
ocean, and this separates two widcly-distinct mammalian fau- 
nas. On either side the islands stand on a moderately shallow 
submarine bank, and these are inhabited by the same or by 
very closely-allied quadrupeds. I have not as yet had time to 
follow up this subject in all quarters of the world; but, as far 
as I have gone, the relation generally holds good. For in- 
stance, Britain is separated by a shallow channel from Europe, 
and the mammals arc the same on both sides ; and so it is with 
all the islands near the shores of Australia. The West-Tiidian 
Islands, on the other hand, stand on a deeply-submerged bank, 
nearly 1,000 fathoms in depth, and here we find American 
forms, but the species and even the genera are quite distinct. 
As the amount of modification which animals of all kinds un- 
dergo partly dc]')ends on the lapse of time, and as islands sep- 
arated from each other or from the main-land by shallow chan- 
nels are more likely to have been continuously united within a 
recent period than islands separated by deeper channels, wo 
can understand how it is that a relation exists between the 
depth of the sea separating two mammalian faunas, and the de- 
gree of their allinity — a relation which is quite inexplicable on 
the theory of independent acts of creation. 

The foregoing statements in regard to the inhabitants of 
oceanic islands — namely, the fewness of the species, with a 
large proportion consisting of endemic forms — the nn'inbers 
of c<*rtain groups, and not of other groups in the same class, 
having been modified — the absence of certain wliole orders, as 
of batrachians and of terrestrial mammals, notwithstanding the 
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presence of aerial bats — the singular pro]iortions of certain 
orders of plants — herbaceous forms having been developed into 
trees, etc., seem to me to accord better with the belief in the 
cJlicicncy of occasional means of transport, carried on during a 
long course of time, than with the belief in the former connec- 
tion of all oceanic islands with the nearest continent; for, on 
this latter view, it is probable that the various classes would 
have immigrated more uniformly, and, from the species having 
entered in a body, their mutual relations would not have been 
much disturbed, and consequently they would have been modi- 
lied cither not at all or in a more equal manner. 

I do not deny that there arc many and serious difiicultics 
in understanding how many of the inhabitants of the more 
remote islands, whether still retaining the same specific form 
or subsequently modified, have reached their present homes. 
Jhit the probability of islands having existed as halting-places, 
of which not a wreck now remains, must not be overlooked. 
I will specify one such dillicult case. Almost all oceanic 
islands, even the most isolated and smallest, arc inhabilcd by 
land-shells, generally by endemic sjiccies, but sometimes by 
species found elsewhere — striking instances of which have 
been given by Dr. A. A. Gould in relation to the Paeilic. 
Kow, it is notorious that land-shells arc easily killed by sea- 
water; their eggs, at least such as I have tried, sink in it and 
are killed. Yet there must be, according to our view, some 
unknown, but occasionally cllicient, means for their transpor- 
tal. AVould the just-hatched young sometimes adhere to the 
feet of birds roosting on the ground, and thus get transported ? 
It occurred to me that land-shells, when hybernating, and hav- 
ing a membranous diajihragin over the mouth of tlie shell, 
might be lloated in chinks of drifted timber across moderately 
wide arms of the sea. And I found that several sjieeies in this 
state withstood uninjured an immersion in sea-water during 
seven days : one shell, the Helix pomatia, after having been 
thus treated and again hybernating, was put into sea-watm* for 
twenty days, and ])crfectly recovered. During this length of 
lime the slioll might have been carried, by a marine current of 
average swiftn(‘ss, to a distance of GGO gcogra]ihieal miles. 
As this Helix has a thick calcareous operculum, I rcmov('d it, 
and, wlien it had formed a new membranous one, 1 again im- 
incr.sed it fur fourteen days in sea-water, and again it recov- 
ered and crawled away. Paron Aucapitaine has recently tried 
similar experiments: he jdaced 100 land-shells, belonging to 
IG 
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ten species, in a box piereetl witli holes, and immersed it for a 
fortniglit in the sea. Out of the liundred sliells, twenty-seven 
recovered. The presence of an operculum seems to liave been 
of importance, as out of twelve specimens of Cyelostoma ele- 
p;ans, which is thus furnished, eleven revived. It is remarkable, 
seeing how well with me the Helix poinatia resisted tlie salt- 
water, that not one of fifty-four specimens, belonging to four 
s])ecies of Helix tried by Aucapitaine, recovered. It is, how- 
ever, not at all probable that land-shells have often been thus 
transjiorted ; the feet of birds is a more probable method. 

On (he Jidatlons of the Inhabitants of Islands to those of the 
nearest Main-land. 

The most striking and important fact for us is the aflinity 
of the species which inliabit islands to those of the nearest 
main-land, without being actually the same. Numerous in- 
stances could be given. The Galapagos Archipelago, situated 
under the ccjuator, lies at the distance of between 500 and GOO 
miles from tlie shores of South America. Here almost every 
]m)duct of the land and the water bears the unmistakable 
stamp of tlie American Continent. There arc twenty-six land- 
birds, and twenty-one, or, perhaj^s, twenty-three, of these arc 
ranked as distinct species, and arc supposed to have been 
created here; yet the close aflinity of most of these birds to 
American s])ecies in every character, in their habits, gestures, 
and tones of voice, was manifest. So it is with the otlier ani- 
mals, and M'ith a large proportion of the plants, as shown by 
Dr. Hooker in his admirable Flora of this archipelago. The 
naturalist, looking at the inhabitants of these volcanic islands 
in the Pacific, distant several hundred miles from the continent, 
yet feels that he is standing on American land. AVhy should 
this be so ? why should the species which arc supposed to 
have been created in the Galapagos Archipelago, and nowhere 
else, bear so ])lain a stamp of aflinit}’ to those created in Amer- 
ica ? There is nothing in the conditions of life, in the geologi- 
cal nature of the islands, in their height or climate, or in the 
]Woportions in which the several classes arc associated to- 
getlier, wliich closely resembles the conditions of the South 
American coast: in fact, tliere is a considerable dissimilarit}' 
in all the foregoing respects. On the other hand, there is a 
considerable degree of resemblance in the volcanic nature of 
the soil, in the climate, height, and size of the islands, be* 
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tween the Galapagos and Capo de Verde Arcliipolagoes : l)ut 
wliat an entire and absolute (lifTcrcncc in their inliabitants ! 
Tlie inlialntants of tlie Cape de Verde Islands are related to 
those of Africa, like those of the Galapagos to America. 
Facts such as these admit of no sort of explanation on the 
ordinary view of independent creation ; wlnn-eaS, on the view, 
liere maintained, it is obvious that tlie Gala]>agos Islands 
would be likely to receive colonists, v hether by occasional 
means of transporter by formerly eontinnons land, from Amer- 
ica ; tlie Cape de Vcnle Islands from Africa : and that sucli 
colonists would be liable to modification — the ])rinci])lc of in- 
heritance still betraying their original birthplace. 

.Many analogous facts could be given : indeed, it is an al- 
most universal rule that the endemic jiroductions of islands 
are related to those of the nearest continent, or of the nearest^ 
island. The c.xceptions arc few, and most of them eaii be 
(‘xplained. Thus, although Kerguelen Land stands nearer to 
Africa than to America, the plants are related, and that very 
closely, as we know from Dr. Hooker’s account, to those of 
America: but, on the view that this island has been mainly 
stocked by seeds brought \vith earth and stones on icebergs, 
drifted liy the jwevailing currents, this anomaly disiip])cars. 
New Zealand in its endemic plants is muoh more closely re- 
lated to Australia, the nearest main-land, than to any other 
region: and this is what might have been ex])ccted ; Imt it is 
also plainly related to South America, which, although th(‘ 
next nearest continent, is so enormously remote, that the fact 
becomes an anomaly. Hut this dilFiculty almost disappears on 
the view that New Zealand, South America, and the other 
southern lands, liavc been partially stocked from a nearly in- 
termediate though distant ])oint, namely, from the antarctic 
islands, when they were clothed with vegetation, during a 
warmer teiliary period, before the eomiuencement of the bust 
Glacial period. The atlinity, which, though feeble, I am 
assured by Dr. Hooker is real, between the flora of tln^ south- 
western corner of Australia and of the Ca]^o of Good Hoj^e, is 
a far more remarkable ease ; l)ut this aflinily is confmed to the 
plants, and will, no doubt, be some day oxjdained. 

The same law which has didmanined the ndationship Ix'- 
tween the inhabitants of islands and the nean'st main-land is 
sometimes displayed on a small scale, but in a most interesting 
manner, within the limits of the same arehi|)elago. Thus eiirh 
separate island of the Galapagos Archipehigo is t ‘u nited, and 
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the fact is a marvellous one, by disliiict species; but these 
sjiecies are related in a very much closer manner to each other 
than to the inhabitants of any other quarter of the world. This 
is what might have been expected, for islands situated so near 
each other would almost necessarily receive immigrants from 
the same original source, and from each other. But how is it 
that many of the immigrants have been dillerently modified, 
though only in a small degree, in islands situated within sight 
of each other, having the same geological nature, the same 
height, climate, etc. ? This long appeared to me a great diffi- 
culty: but it arises in chief part from the deeply-seated error 
of eonsidering the physieal eonditions of a country as the most 
important ; whereas it cannot be disputed that the nature of 
the other inhabitants with which each has to compete is at 
least as important, and generallya far more important element 
of success. Now, if we look to the species which inhabit the 
Galapagos Archipelago and are likewise found in other parts 
of the world, we find that they difler considerably in the sev- 
eral islands. This difference might indeed have been expected 
if the islands have been stocked by occasional means of trans- 
port — a seed, for instance, of one plant having been brought to 
one island, and that of another plant to another island, though 
all proceeding from the same general souree. Hence, when in 
former times an immigrant first settled on one of the islands, 
or when it subsequent!}’’ spread from one to another, it would 
undoubtedly be ex]^osed to diflerent conditions in the different 
islands, for it would have to compete with a different set of or- 
ganisms: a plant, for instanee, would find the ground best 
fitted for it occiqfied by somewhat diflerent species in the dif- 
ferent islands, and would be exposed to the attacks of some- 
what different enemies. If, then, it varied, natural selection 
would probably favor different varieties in the different islands. 
Some s]iecies, however, might sjnead and yet retain the same 
character throughout the grou]^, just as we see some species 
spreading widely throughout a continent and remaining the 
same. 

The really surprising fact in this case of the Galapagos 
Archipelago, and in a lesser degree in some analogous cases, 
is, that each iicav species, after being formed in any one island, 
did not quickly spread to the other islands. But the islands, 
though ill sight of each other, are separated by deep arms of 
the sea, in most cases wider than the British Channel, and 
there is no reason to suppose that they have at any former 
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period been continuously united. The cuiTents of the sea arc 
rapid and sweep across tlie arcliijiela^o, and gales of Avind arc 
extraordinarily rare ; so that tlie islands are far more cllccl- 
ually sc])arated from each other tliau the}' appear on a map. 
Nevertheh'ss, some of the species, both those found in otiicr 
parts of tlie world and those con lined to the archipelago, are 
common to the several islands; and we may infer from their 
present manner of distribution that they have spread from one 
island to tlie othei’S. But Ave often take, I think, an erroneous 
vicAv of the probability of closely-allied species iiu^ading each 
other’s territory, Avhen put into free intercommunication. Un- 
doubtedly, if one species has any adA’antage OA'cr another, it 
Avill in a A^cry lirief time Avholl}" or in part supplant it ; but, if 
both arc equally avcII fitted for their OAvn places, both proba- 
bly AA'iU hold their places and keep separate for almost any 
length of time. Being familiar Avith the fact that many spe- 
cies, naturalized through jnaii’s agency, liaA’c spread Avith as- 
tonishing raj)idity OA'cr Avidc areas, aa'C are ajit to infer that 
most species Avould thus spread; but Ave should remember that 
the species Avhich become naturalized in ncAV countries arc not 
generally closely allied to the aboriginal inhabitants, l)ut arc 
A’cry distinct forms, belonging in a large proportion of cases, 
as shoAvn by Alph, do Candolle, to distinct genera. In the 
Galapagos Archipelago, many even of the birds, though so 
AA’ell adapted for Hying from island to island, arc distinct on 
each ; thus there arc three closely-allied species of mocking- 
thrush, each confined to its oaaui island. Now let us suppose 
the mocking-thrush of Chatham Island to be blown to Charles 
Island, Avhich has its oAvn mocking-thrush; why should it suc- 
ceed in establishing itself there? We may safely infer that 
Charles Island is aa'cII stocked AA'itli its oaa’u species, for annu- 
ally more eggs are laid and young birds hatched, than can 
possibly be reared; and avc may infer that the mocking-thrush 
peculiar to Charles Island is at least as aa'cII fitted for its home 
as is the species peculiar to Chatham Island. Sir C. Lycll and 
IMr. Wollaston have communicated to me a remarkable fact 
Ijcaring on tliis subject ; namely, that ^ladcira and the adjoining 
islet of Porto Santo possess many distinct but representatiA'o 
species of land-shells, some of Avhich li\*e in crevices of stone; 
and, altliough large cjuantitics of stone arc annually transported 
from Porto Santo to INfadcira, yet tliis latter island has not be- 
come colonized by the Porto Santo species : nevertheless, both 
islands haA*c been colonized by European land-shells, Avhich no 
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doubt Iiad some advantage over tlic indigenous species. F rom 
these consitlerations I think we need not gretilly marvel at the 
endemic and representative species, which inhabit the several 
islands of the Galapagos Archipelago, not having universally 
s]wcad fi-om island to island. Preoccupation has also probal)!}’ 
played an important part in checking the commingling of the 
species which inliabit different districts with neaily the same 
physical conditions on the same continent. Thus, the south- 
east and southwest corners of Australia have nearly the same 
phj'sical conditions, and arc united by continuous land, yet 
they arc inliabitcd by a vast number of distinct mammals, 
birds, and plants. 

The same principle which governs the general character of 
the inhabitants of oceanic islands, namely, their relation to the 
soui’cc whence colonists could have been most easily derived, 
together with their subsequent motlification, is of tlic widest 
application throughout Natine. We see this on evciy moun- 
tain-summit, in every lake and marsh. For Alpine species, 
excci)ting in as far as the same species have Ix'come widely 
spread during the recent Glacial epoch, arc related to those of 
the surrounding lowlands : tluis we have, in South ^Vmerica, 
Al])inc humming-birds, Alpine rodents, Alpine plants, etc., all 
strictly belonging to American forms; and it is obvious that 
a mountain, as it became slowly iiphcavcd, would be colonized 
from the surrounding lowlands. So it is with the inhabitants 
of lakes and marshes, excepting in so far that great facility of 
transport has allowed many of the same species to ])revail 
through large portions of the world. AVc see this same prin- 
ciple in the character of most of the blind animals inhabiting 
the eaves of America and of Europe. Other analogous facts 
could be given. It will, I believe, be universally found true*, 
that wherever in two regions, let them be ever so distanl, 
many closely-allied or representative species occur, there will 
likewise be found some identical species; and wherever many 
closely-allied species occur, tlicre will be found many forms 
which some naturalists rank as distinct species, and others as 
mere varieties; these doubtful forms showing us the steps in 
the progress of modification. 

The relation l)ctween the ]iower and extent of migration in 
certain species, cither at the present or at some fonner j)eriod, 
and the existence at remote ]mints of the \vorld of allied s]ie- 
cics, is shown in another and more general way. Mr. Gould 
remarked to me long ago, that, in those genera of birds which 
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range over tlic world, many of tlie species liave very wide 
ranges. I can hardly doubt that tliis rule is generally true, 
though it would be dillicnlt to prove it. Among mammals, we 
sec it strikingly displayed in bats, and in a lesser degree in 
the Felidm and Canidje. AVe sec the same rule in the distribu- 
tion of buttertlics and beetles. So it is with most of the in- 
habitants of fresh water, for many of the genera in the most 
distinct classes range over the world, and many of the species 
have enonnous rang*es. It is not meant that all^ but that some 
of the species in the genera which range very widely, have 
themselves very wide ranges. Nor is it meant that the spccic.s 
in such genera have on an average a very wide range ; for this 
will largely depend on how far the process of modilication has 
gone; for instance, two varieties of the same s]3ccics inhabit 
America and Europe, and thus the species has an immense 
range; but, if variation were to be carried a little further, the 
two varieties would be ranked as distinct species, and the 
range would be greatly reduced. Still less is it meant, that 
species which have the capacity of crossing barriers and ranging 
widely, as in the case of certain j^owerfully-winged birds, will 
necessarily range widely ; for we should never forget that to 
range widely ini])lics not only the power of crossing barriers, 
but the more important power of being ^^ctorious in distant 
lands in the struggle for life with foreign associates. Ihit, ac- 
cording to the view that all the species of the same genus, 
though now distributed at the most remote points of the world, 
are descended from a single progenitor, we ought to find, and 
I believe as a general rule we do find, that some at least of the 
species range very Mudely. 

AVe should bear in mind, in relation to all organic beings, 
that many gtmera are of very ancient origin, and the species in 
this case will liave had ample time for dispersal and subsecjucnt 
modilication. There is also reason to believe, from geological 
evidence, that within each great class the lower organisms 
change at a slower rate than the higher; consequently they 
will have had a better chance of ranging widely and of still re- 
taining the same sj)eeific character. This fact, together with 
the seeds and eggs of almost all lowly-organized forms being 
very minute and better fitted for distant transportal, ])robably 
accounts for a law which has long been ob.served, and which 
lias lately been discussed by Aljdi. do Candolle in n'gard to 
plants, namely, that tlie lower any group of organisms stands, 
the more Avidejy it ranges. 
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The relations just cliscnssed — namely, lower organisms ran- 
ging more widely than the higher — some of the species of widely- 
ranging genera themselves ranging widely — such fads, as al- 
pine, lacustrine, aud marsh productions being generally related 
to those which live on the surrounding low-lands and drylands 
— the striking relationship between the inhabitants of islands 
and those of the nearest main-land — the still closer relationship 
of the distinct inhabitants of the islands in the same archipelago 
— are inexplicable on the ordinary view of the independent 
creation of each species, but are explicable if we admit coloni- 
zation from the nearest or readiest source, together with the 
subsequent adaptation of the colonists to their new homes. 

Summari/ of the last and present Chapter, 

In these chapters I have endeavored to show that, if we 
make due allowance for our ignorance of the full effects of the 
changes of climate aud of the level of the land, which have cer- 
tainly occurred within the recent period, and of other changes 
which have probably occurred — if we remember how ignorant 
we arc with respect to the many curious means of occasional 
transport — if we bear in mind how often a species may have 
ranged continuously over a wide area, and then have become 
extinct in the intermediate tracts — the difficulty is not insuper- 
able in believing that all the individuals of the same species, 
wherever found, arc descended from common parents. And 
^ve are led to this conclusion, which has been arrived at by 
many naturalists under the designation of single centres of 
creation, by various general considerations, more especially 
from the importance of barriers of all kinds, and from the ana- 
logical distribution of sub-genera, genera, and families. 

With respect to distinct species belonging to the same 
genus, which on our theory must have spread from one parent- 
source; if we make the same allowance as before for our igno- 
rance, and remember that some forms of life have changed very 
slowly, enormous periods of time having been thus granted for 
their migration, the difficulties arc far from insuperable ; though 
ill tliis case, and in that of the individuals of the same species, 
thc}^ arc often great. 

As exemplifying the effects of climatal changes on distribu- 
tion, I have attempted to show how important a part the Gla- 
cial period has ])laycd, which affected even the equatorial 
regions, and whicli, during the alternations of the cold in the 
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north and south, allowed the productions of oj>posite hemi- 
spheres to mingle, and left some of them stranded in all parts 
of the world on the mountain-summits. As showing how diver- 
sified are the means of oeeasional transjwt, I have discussed 
at some little length the means of dispersal of fresh-water pro- 
ductions. 

If the dillicullics be not insuperable in admitting that in 
the long course of time all the indirtduals of the same species, 
and likewise of the several species belonging to tlie same ge- 
nus, have jMOceeded from some one source; then all the grand 
leading facts of geographical distribution arc cxjdicablc on the 
theory of migration, together with subsequent modification and 
the multiplication of new forms. AVe can thus understand tlie 
high importance of barriers, whether of land or water, in not 
only se}>araling, but in ai)pnrently forming the several zoologi- 
cal and botanical provinces. AVe can thus understand the 
concentration of related species within the same areas ; and 
how it is tliat under diflerent latitudes, for instance in South 
America, the inhabitants of the jdaiiis and mountains, of the 
forests, marshes, and deserts, are linked togctlier in so mysteri- 
ous a manner, and are likewise linked to the extinct beings 
which formerly inhabited the same continent. Bearing in mind 
that the mutual relation of organism to organism is of the high- 
est importance, we can sec why two areas having nearly the 
same physical conditions sliould often be inhabited by very 
dilTercnt forms of life ; for, according to the length of time 
which has elapscti since the colonists entered one of the regions, 
or both; according to the nature of the communication which 
allowed certain forms and not others to enter, eitluT in greater 
or lesser numbers; according or not as those which entered 
happened to come into more or less direct competition with 
each other and with the aborigines ; and according as the im- 
migrants were capable of varying more or less rajhdh', there 
would ensue in the two or more regions, independently of their 
ph^'sical coiKlitions, infinitely-diversified conditions of life — 
there would be an almost endless ainonntof organic action and 
reaction — and we should find, as we. do find, some groups of 
beings greatly, and some only slightly, modified — some devel- 
oped in great force, some existing in scanty numbers — in the 
several great gcograjdiical provinces of the world. 

On these same principles we can understand, as I have en- 
deavored to show, why oceanic islands should have few in- 
habitants, but of these a great number should be endemic or 
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peculiar; aiul 'uli^', in relation to tlio means of migration, one 
^roup of beings, even within the same class, shouhl liave all its 
speeies peculiar, and another group should have all its s])ccies 
the same witli those in other quarters of the M orld. 'We can 
see why whole grou])s of organisms, as batrachians and terres- 
trial mammals, should be absent from oceanic islands, while the 
most isolated islands should possess their own j^cculiar si)ccies 
of aerial mammals or bats. We can sec ^vhy there shoukl be 
some relation between the ])rcscncc, in islands, of mammals, in 
a more or less modified condition, and the depth of the sea be- 
tween such islands and the main-land. We can clearly see why 
all the inhabitants of an archipelago, though specifically distinct 
on the several islets, should be closely related to each other, 
and likewise be related, but less closely, to those of the nearest 
continent or other source whence immigrants might have been 
derived, ^^’^e can sec why, in two areas, however distant from 
each other, where very closely-allied or representative species 
exist, there should almost always exist some identical species. 

As the late Edward Forbes often insisted, there is a striking 
])arallelism in the laws of life throughout time and space: the 
laws governing the succession’ of forms in past times being 
nearly the same 'vWth those governing at the present time the 
diflerences in difl'erent areas. AVe sec this in many facts. The 
endurance of each species and group of species is continuous in 
time ; for the exceptions to the rule arc so few, that they may 
be fairly attributed to our not having as }'et discovered in an 
intermediate de])osit certain forms which are absent in it, but 
which occur both above and below : so in space, it certainly is 
the g'Cneral rule that the area inhabited by a single species, or 
by a group of species, is continuous, and the cxcej^tions, which 
are not rare, may, as I have attempted to show, be accounted 
for by former migrations under ditlcrcnt circumstances, or 
through occasional means of transport, or by the species having 
become extinct in the intermediate tracts. Both in time and 
space, species and groups of species have their points of maxi- 
mum development. Groups of species, living during the same 
])erio(l of time, or living >vithin tlie same area, arc often char- 
acterized l)y trilling features in common, as of seul])ture or 
color. In looking to the long succession of past ages, as in 
now looking to distant jiroGnccs througho\it the world, we 
find that specie's in certain classes dith'r little from each other, 
while others in a diflerent class, or only in a dillerent family of 
the same order, diflcr greatly from each other. In both time 
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nntl spiicc the lowly-ornranizcd members of cacli class generally 
change less than the highly-organized ; but there are in both 
cases marked exceptions to the rule. According to our theory 
these several relations throughout time and space are intelli- 
gible ; for, whether we look to the forms of life which have 
changed during successive ages, or to those which have changed 
after having migrated into distant quarters, in both cases the 
forms witliiu each class arc connected by the same bond of or- 
dinary generation ; and in both cases the laws of variation have 
been the same, and modifications have been accumulated by 
the same means of natural selection. 
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CIIArTER XIII. 

lilUTUAL AFFINITIES OF OROANIC EEINGS ! MOEFIIOLOGY : EM- 

buitology: r.rr>mENTAiiY" obgans. 

Cla<^^:ifiratinn, Groups subordinate to Groups— Natural System— Enlcs and Diflicultica 
in Classilicalion, explained on Ilie Theory of Descent with Modification— Classi- 
fication of Varieties— Descent always nsed in Classification— Analogical or Adap- 
tive Characters — Afiinilies, General, Complex, and Itadiatini?— Extinction sepa- 
rates and defines Groups— Morpliology, between members of the same Class, be- 
tween parts of the same Individnal— Embryology, Laws of, explained by Varia- 
tions not supervening at an early Age, and boiiig inherited at a corrcsi)onding 
Age — Kudimeutary Organs ; their Origin explaiuecl — Summary. 

Classification, 

FrwO:^r ii voiy remote ]:>eriocl iti tlic history of the worltl or- 
ganic beings have resembled eacli other in descending degrees, 
so that they cati be classed in groups under groups. This 
classification is not arbitrary, like the grouping of the stars in 
constellations. The existence of groups Avould have been of 
simple signification, if one group had been exclusively fitted to 
iiiha])it the land, and another the Tvatcr; one to feed on flesh, 
another on vegetable matter, and so on; but the case is widol}’ 
dilTcrcnt in Nature ; for it is notorious how commonly members 
of even the same sub-group have dillcrent habits. In the second 
and fourth chapters, on Variation and on Natural Selection, I 
have attempted to sliow that within each country it is the 
widely-ranging, the much-difTiised and common, that is, the 
dominant species belonging to the larger genera in each edass, 
\vliich vary most. The varieties, or incipient species, thus pro- 
duced, ultimately become converted into new and distinct spe- 
cies; and these, on the principle of inheritance, tend to pro- 
duce other new and dominant species. Consequently, the 
groups which arc now large, and which generally include maiy 
dominant species, tend to go on increasing in size. I further 
attempted to show that, from the varying descendants of each 
P})ccies trying to occupy as many and asdifi’erent places as pos- 



Chap. XIII. 



CLASSIFICATION. 



373 



siblc in tlic economy of Nature, there is a constant tendency in 
tlicir characters to di\'crgc. This latter conclusion is supported 
hy observing the great diversity of forms which in any small 
area come into the closest com])etition, and by certain facts in 
naturalization. 

I attempted also to show that there is a constant tendency 
in the forms which arc increasing in number and diverging in 
character, to supplant and exterminate the preceding, less 
divergent and less improved forms. I request the reader to 
turn to the diagram illustrating the action, as formerly ex- 
jdained, of these several principles ; and he will sec that the 
inevitable result is, that the inodilicd descendants proceeding 
from one progenitor become broken up into groups subordi- 
nate to groups. In the diagram each letter on tlic uppermost 
line may rc])resent a genus including several species; and the 
whole of the genera along this upper line form together one 
class, for all arc descended from one ancient parent, and, con- 
scqucntlj", have inherited something in common. But the 
three genera on the left hand have, on this same principle, 
much in common, and form a sul>family, distinct from that in- 
cluding the next two genera on the right hand, which diverged 
from a common ]^arent at the fifth stage of descent. These 
five genera have also much, though less, in common ; and tluw 
form a family distinct from that including the three genera still 
farther to tlie riglit hand, which diverged at a still earlier 
period. And all these genera, descended from (A), form an 
order distinct from the genera descended from (1). So that 
we here have many species descended from a single progenitor 
grouped into genera ; and the genera in sub-families, families, 
and orders, all in one gi’cat class. Thus, the grand fact of the 
natural subordination of all organic beings in groups under 
groups, which, from its familiarity, docs not always sullieiently 
strike us, is in my judgment explained. No doubt organic 
beings, like all other objects, can be classed in inany ways, 
either artificially by single characters or more naturally by a 
mnnlicr of characters. We know, for instance, that minerals 
and the elemental substances can be thus amiiiged ; in this 
case there is of course no relation to genealogical succession, 
and no cause can at present be assigned for their falling into 
groups. But with organic beings the ease is difterent, and the 
view above given explains their natural arrangement in group 
under group ; and no other explanation has ever been at- 
tempted. 
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Naturalists, as we have seen, try to arrange the .speci(;s, 
f^eiicra, and families in each class, on what is called the Natu- 
ral S3’steni. lint what is meant by this system? Some 
authors look at it merely as a scheme for arraiif^in^ too-cther 
those livini^ objects which are most alike, and for separating 
those which arc most unlike ; or as an artificial means for 
enunciating, as briell}" as possible, general propositions — that 
is, by one sentence to give the characters common, for instance, 
to all mammals, by another those common to all carnivora, by 
another those common to the dog-genus, and then, hy adding 
a single sentence, a full description is given of each kind of 
dog. Tlie ingennit}^ and utility of this system are indispu- 
table. But man\" naturalists think that something more is 
meant b^" the Natural S^’stem ; they believe that it reveals the 
])lan of the Creator ; but, unless it be specified whether order 
in time or space, or both, or wliat else is meant by the plan 
of the Creator, it seems to me that nothing is tlms added to 
our knowledge. Such ex])rcssions as that famous one by Lin- 
meus, and which we often meet with in a more or less con- 
cealed form, that the characters do not make the genus, but 
that the genus gives the characters, seem to imply that somc- 
tlnng more is included in our classification than mere resem- 
blance. I believe tliat something more is included, and that 
j)ropincpiit3' of descent — the only known cause of the similarit\^ 
of organic beings — is the bond, hidden as it is by A'arious de- 
grees of modification, which is partially revealed to us hy our 
classifications. 

Let us now consider the rules followed in classification, 
and tlic difficulties which are encountered, on the view tliat 
classification cither gives some unknown plan of creation, or is 
simplv^ a scheme for enunciating general propositions and of 
placing together the forms most like each other. It might 
have been thought (and was in ancient times thought) that 
tliosc parts of the structure Avhich determined the habits of life, 
and the general place of each being in the econom}' of Nature, 
would be of veiy high importance in classification. Nothing 
can be more false. No one regards the external similarit v of a 
motise to a shrew, of a dngong to a whale, of a whale to a fish, 
as of aiy importance. These rescin])lances, though so intimate- 
13^ connected with the whole life of the being, arc ranked as 
increl3" adaptive or analogical characters ; ” but to the con- 
sideration of these resemblances we shall recur. It nry" even 
be given as a general rule, that the less any part of the organi- 
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zation is concerned wiili special habits, the more important it 
becomes for classification. As an instance — Owen, in speak- 
inp^ of the diigoii", says : ‘‘ The generative organs, being those 
wliich arc most remotely related to the habits and food of an 
animal, I have always rcgardi'd as alfording very clear indica- 
tions of its true allinities. ^Te arc least likely in the modifi- 
cations of these organs to mistake a merely adaptive for an 
essential character.” With plants, how remarkable it is tliat 
tlie organs of vegetation, on which their nutrition and life de- 
pend, arc of little signification ; wlicrcas the organs of repro- 
duction, with their product the seed and embrj’o, arc of para- 
mount importance ! So, again, in formerly discussing moq^ho- 
logical diirerences which are not jihvsiologically important, we 
have seen that they arc often of the highest service in classifi- 
cation. This depends on their constancy throughout many 
allied groups ; and the constancy depends chiefly on any slight 
deviations of structure in such jiarts not having been pre- 
served and accumnlated by natural selection, which acts only 
on useful characters. 

That the mere ]diysiologieal imporlancc of an organ does 
not determine its classificatory value, is almost proved by the 
fact that in allied groups, in which the same organ, as we have 
every reason to suppose, has nearly the same physiologi- 
cal value, its classificatory value is widely different. Xo 
naturalist can have worked at aUy group without being* struck 
with this fact ; and it has been fully acknowledged in the 
writings of almost every author. It will sulhce to quote the 
liighcst authority, Robert Brovm, who, in speaking of certain 
organs in the Proteacem, says, their generic importance, “like 
that of all their parts, nob only in this, but, as I apprehend, in 
(‘Very natural family, is very unequal, and in some cases seems 
to be entirely lost.” Again, in another work, he says, the 
genera of the Connaracom “differ in having one or more 
(^varia, in the e.xistonce or absence of albumen, in the imbri- 
cate or valvular mstivation. Any one of these characters 
singly is frequently of more than generic iinportanee, though 
licrc even when all taken together they a{)jH‘ar insuHicicnt 
to s(*j)arate Cnestis from Connarus.” IV) giv(‘ an e.xainple 
among insects: in one great division of the 1 fymenopt(*ra, 

the ant(‘nna', as Westwood has remarked, are most constant 
in structure ; in another division they dilfer much, and the 
differences are of (|nite subordinate value in classification ; yet 
no one will say that the antenna? in tlu*se two divi.si<')ns of the 



37G 



CLASSIFICATION. 



Chap, XIII. 



same ordc'r are of unccjual pli^’siological importance. Any 
number of instances could be /^iven of the vaiyin^ importance 
for classification of the same important organ within the same 
group of beings. 

Again, no one will say that ruclimentar}’ or atrophied or- 
gans are of high physiological or vital importance ; yet, un- 
doubtedly, organs in this condition arc often of high value in 
classification. No one will dispute that the rudimentary teeth 
in the upper jaws of young ruminants, and certain rudimentary 
bones of the leg, are highly serviceable in exhibiting the close 
atlinity between Ruminants and Pachyderms. Robert Brown 
has strongly insisted on the fact that the position of the rudi- 
mentary llorets is of the highest importance in the classification 
of the Grasses. 

Numerous instances could be given of characters derived 
from parts which must be considered of very trifling ])hysiolo- 
gical importance, but which arc universally admitted as highly 
serviceable in the definition of whole groups. For instance, 
whether or not there is an open passage from the nostrils to 
the mouth, the only character, according to Owen, Avhieli abso- 
lutely disting-uishes fishes and reptiles — the inflection of the 
angle of the jaws in !M!irsu})ials — the manner in which the 
wings of insects arc folded — mere color in certain Alga^ — mere 
]iubescencc on jiarts of the flower in grasses — the nature of 
the dermal covering, as hair or feathers, in the Vertebrata. 
If the Ornitliorhynchus had been covered with feathers instead 
of hair, this external and trifling character would have been 
considered by naturalists as an important aid in determining 
the degree of affinity of this strange creature to birds. 

The importance, for classification, of trifling characters, 
mainly depends on their being correlated with several other 
characters of more or less im])ortance. The value indeed of an 
aggregate of characters is very evident in natural historj’. 
Hence, as has often been remarked, a sjieeies may depart from 
its allies in several characters, both of high physiological im- 
]iortance and of almost universal prevalence, and yet leave us 
in no doubt where it should be ranked. Hence, also, it has 
been found that a classification founded on any single charac- 
ter, however important that may be, has always failed ; for no 
part of the organization is invariably constant. The impor- 
tance of an aggregate of characters, even when none arc im- 
portant, alone explains the aphorism by Linnieus, nainel}', that 
the characters do not give the genus, but the genus gives the 
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cluiractcrs ; for tins seems fouiulecl on an appreciation of many 
trill inpr points of rcseinl)lanco, too slight to he delined. Cer- 
tain plants, belonging to the Malpigiiiacea?, bear i)erfect and 
degraded liowers; in the latter, as A. de Jussieu has remarked, 
“ the greater lunnber of the characters proper to the sj^ceies, 
to the genus, to the family, to the elass, disappear, and thus 
laugh at our classification.” J3ut when Aspicarpa produced in 
France, during several years, only degraded flowers, departing 
so wonderfully in a number of the most important points of 
structure from tlie proper type of the order, yet M. Richard 
sagaciously saw, as Jussieu observes, that this genus should 
still be retained among the ^lalpighiacem. This case seems to 
me well to illustrate the spirit of our classincaticn. 

Practically, wlien naturalists are at work, they do not 
trouble themselves al)Out the physiological value of the charac- 
ters which they use in defining a group or in allocating any 
particular species. If they find a character ncarl}^ uniform, and 
eoinmon to a great number of forms, and not common to 
otliers, they use it as one of high value ; if common to some 
lesser number, they use it as of subordinate value. This prin- 
ciple lias been broadly confessed by some naturalists to be the 
true one; and l>y none more clearly than by that excellent 
botanist, Aug. St Hilaire. If certain characters arc always 
found correlated with others, though no apparent bond of con- 
nection can be discovered between them, especial value is set 
on tlicm. As in most grou])s of animals, important organs, 
such as those for propelling the blood, or for aerating it, or 
those for propagating the race, are found nearly uniform, they 
arc considered as highly scrnceablc in classification; but in 
some grou])s of animals all these, the most important vital 
organs, arc found to ofler characters of quite subordinate value. 
Thus, as Fritz !Mllllcr has lately remarked, in the same group 
of crustaceans, Cypridina is furnished witli a heart, while in 
two closely-allied genera, namely, C\qiris and Cylherea, there 
is no such organ : one species of Cypridina has wclI-dcvclopcd 
branchim, while another species is destitute of them. 

We can sec why characters derived from the embrjm should 
be of equal importance with those derived from the adult, for 
a natural classification of course includes all ages. But it is 
by no means obvious, on the ordinary view, why the structure 
of the embryo sliould l)C more important for this purpose than 
that of the adidt, which alone plays its full part in tlie econo- 
my of Nature. Vet it has been strongly urged by those great 
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natural Milne Edwards and Agassiz, that cnibryologieal 
characters arc the most important of all ; and this doctrine has 
very generally been admitted as true. Nevertheless, their im- 
portance lias sometimes been exaggerated; in order to show 
tliis, Fritz Miillcr arranged by the aid of such characters the 
great class of crustaceans, and the arrangement did not prove 
a natural one. But there can be no doubt that characters de- 
rived from tlie embryo arc generally of the highest value, not 
only with animals but with plants. Thus the two main divis- 
ions of llowcring plants arc founded on dilTcrcnccs in the em- 
bryo — on the number and position of the cotyledons, and on 
the mode of development of the plumule and radicle. AVc 
shall immediately sec why these characters possess so high a 
value in classification, namely, from the natural system being 
genealogical in its arrangement. 

Our classifications are often -plainly influenced by chains of 
arnnilics. Nothing can be easier than to define a number of 
characters common to all birds ; but in the case of crustaceans, 
such definition has hitherto been found impossible. There arc 
crustaceans at the opposite ends of the scries, which have 
hardly a character in common ; yet the species at both ends, 
from being plainly allied to others, and these to others, and 
so onward, can be recognized as uncc|uivocally belonging to 
this, and to no other class of the Articulata. 

Geographical distribution has often been used, though per- 
haps not quite logically, in classiftcation, more especially in 
very large groups of closely-allied forms. Tcmminck insists 
on the utility or even necessity of this practice in certain 
groups of birds; and it has been followed by several entomol- 
ogists and botanists. 

Finally, with respect to the comparative value of the vari- 
ous groups of species, such as orders, sub-orders, families, sub- 
families, and genera, they seem to be, at least at present, 
almost arbitrary. Several of the best botanists, such as Mr. 
Ijcntham and others, have stronglj^ insisted on their arbitrary 
value. Instances could be given among plants and insects, of 
a group of forms, first ranked by ])ractiscd naturalists ns only 
a genus, and then raised to the rank of a sub-family or family ; 
and this has been done, not because further research has de- 
1(*ctcd important structural difiercnces, at first overlooked, but 
because numerous allied species, with slightly-difTcrent grades 
of dinercnce, have been subsequently discovered. 

All the foregoing rules and aids and difliculties in classili- 
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ciition arc c.\])laiiictl, if I do not greatly deceive myself, on llic 
view that the Natural System is founded on descent with 
modification ; tliat the characters which naturalists consider as 
showing true allinity between any two or more species, are 
those which have been inherited from a common parent, all true 
classification being genealogical ; that commimity of descent 
is the hidden boml which naturalists have been unconsciously 
seeking, and not some unknown plan of creation, or the enun- 
eiatioii of general pro]iositions, and the mere juitting together 
and scjxirating objects more or less alike. 

liut I must explain my meaning more fully. I believe tliat 
the arrangement of the grou])s within each class, in due sub- 
ordination and relation to cacli other, must be stricth^ genea- 
logical in order tol)c natural ; but that the amount of diflercncc 
in the several branches or groups, though allied in the same 
degree in blood to their common ])rogcnitor, may dilfcr greatly, 
being due to the diflerent degrees of modification which they 
have undergone; and this is ex]M*csscd by the forms being 
ranked under difibrent genera, families, sections, or orders. 
'J'hc reader will best understand what is meant, if he Avill take 
the trouble to refer to the diagram in the fourth chapter. AVe 
will sup])osc the letters A to L to represent during the Silurian 
epocli allied genera, descended from some still earlier forms. 
In three of these genera (A, F, and I) the species have trans- 
mitted modified descendants to the present day, represented by 
the fifteen genera to on the \ippermost horizontal line. 
Now all these modified descendants from a single species, are 
related in blood or descent to the same degree ; they may 
metapliorically be called cousins to the same millionth degree; 
yet they differ widely and in different degrees from each other, 
Tdic forms descended from A, now broken u[) into two orthre(‘ 
families, constitute a distinct order from those descended from 
I, also broken up into two families. Nor can the existing s])C- 
cics, descended from A, be ranked in the same genus with the 
parent A ; or those from I, with the parent I. But the exist- 
ing genus k’* }nay be supposed to have been Imt sliglitly modi- 
fied ; and it will then rank with the parent-genus F ; just as 
some few still living organisms belong to Silurian genera. So 
that the amount or value of the differences between these or- 
ganic beings which arc all related to each other in the same 
ilegree in l)lootl, has come to be widely difibrent. Nevertheless, 
their g(Miealogieal arrangement remains strictly true, not only 
at the present time, but at each successive period of descent. 
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All the niodinecl descendants from A will have inherited soine- 
thing in common from their common parent, as will all the de- 
scendants from I ; so will it be with each subordinate branch of 
descendants, at each successive stage. If, however, we suppose 
any descendant of A or of I to have been so much modified as 
to have lost all traces of its parentage, in this case, its place in 
the natural system will likewise be lost — as seems to have oc- 
curred with some few existing organisms. All the descendants 
of the genus F, along its whole line of descent, are supposed 
to have been but Httle modified, and they form a single genus 
But this genus, though much isolated, will still occupy its prop- 
er intermediate position. Tliis natural arrangement is shown 
in the diagram as far as is possible on paper, but in much too 
simple a manner. If a branching diagram had not been used, 
and only the names of the groups had been written in a linear 
series, it would have been still less possible to have given a 
natural arrangement ; and it is notoriously not possible to rep- 
resent in a series, on a fiat surface, the aflinities which we dis- 
cover in Nature among the beings of the same group. Thus, 
on the view which I hold, the natural system is genealogical 
in its arrangement, like a pedigree ; but the amount of modifi- 
cation which the difterent groups have undergone has to be 
expressed by ranking them under dilTercnt so-called genera, 
sub-families, families, sections, orders, and classes. 

It may be worth while to illustrate this new of classification, 
by taking the case of languages. If we possessed a perfect 
pedigree of mankind, a genealogical arrangement of the races 
of man would afibrd the best classification of the various lan- 
guages now spoken throughout the world ; and if all extinct lan- 
guages, and all intermediate and slowly-changing dialects, had 
to be included, such an arrangement would be the only pos- 
sible one. Yet it might be that some ancient languages had 
altered very little and had given rise to few new languages, 
while others had altered much, oudng to the spreading, isola- 
tion, and state of civilization of the several co-descended races, 
and had thus given rise to many new dialects and languages. 
'Hie various degrees of ditTerence between the languages of 
the same stock would have to be expressed by groups subordi- 
nate to grouj)S ; but the ])roper or even only possible arrange- 
ment would still be genealogical ; and this would be strictly 
natural, as it would connect together all languages, extinct and 
recent, l)y the closest affinities, and would give the filiation and 
origin of each tongue. 
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III confirmation of this view, let ns glance at the classifica- 
tion of varieties, which are believed or known to be descended 
from a single sjiecics. These are grouped under the species, 
with the sub-varieties under tlie varieties ; and in some cases, 
as with domestic ]ngeons, several other grades of dilVerence are 
requisite. Nearly the same rules are followed as in classifying 
species. Authors have insisted on the necessity of arranging 
varieties on a natural instead of an artificial system ; we are 
cautioned, for instance, not to class two varieties of the pine- 
apple together, merely because their fruit, though the most 
important part, happens to be nearly identical; no one puts 
the Swedisli and common tui*nips togetlier, though the escu- 
lent and thickened stems are so similar. AVliatever part is 
found to be most constant, is used in chissing varieties : thus 
the great agriculturist ^larshall says the horns are very useful 
for this purpose with cattle, because they arc less variable than 
the shape or color of the body, etc. ; whereas with sheep the 
horns arc much less serviceable, because less constant. In 
classing varieties, I ajiprelicnd that if we had a real pedigree, 
a genealogical classification would be universally ]3rcfcrrcd ; 
and it has been attempted in some cases. For we might feel 
sure, whether there had been more or less modification, the 
{irinciple of inheritance would keep the forms together which 
were allied in the greatest number of points. In tumbler 
pigeons, though some of the sub-varieties differ in the impor- 
tant character of having a longer beak, yet all are kept togeth- 
er, from having the common habit of tumbling; but the shoit- 
faced breed has nearly or quite lost this habit ; nevertheless, 
without any thought on the subject, these tumblers arc kept 
in the same group, because allied in blood and alike in some 
()th('r n'spects. 

With species in a state of nature, every naturalist has in 
fact brought descent into liis classification ; for he includes in 
his lowest grade, that of the species, the two sexes ; and how 
enormously these sometimes differ in the most imjiortant char- 
acters, is known to every naturalist : scarcely a single fact can 
be ]iredicated in f*ommon of the adult males and hermajihro- 
dites of certain cirri pedes, and yet no one dreams of separating 
them. As soon as tlic tliret* Orchidc^an forms, Monachanthiis, 
Myanthus, and Calasetum, whicli had jireviously been ranked 
as tin •ec distinct genera, were known to be sometimes pro- 
duced on the same plant, they were immediately considered as 
varieties; and now I have been able to show that they arc the 
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male, female, and liermaplirodite forms of llie same species. 
The naturalist includes as one species the various larval stages 
of the same individual, however much they may difler from 
each other and from the adult, as well as the so-called alter- 
nate generations of Steenstrup, which can only in a technical 
sense be considered as the same individual. He includes 
monsters and varieties, not from their partial resemblance to 
the parent-form, but because they are descended from it. 

As descent has universally been used in classing together 
the individuals of the same species, thougli the males and fe- 
males and larva) are sometimes extremely different; and as it 
has been used in elassing varieties which have undergone a 
certain, and sometimes a considerable amount of modification, 
may not this same element of descent have been unconsciously 
used in grouping species under genera, and genera under 
higher grou])s, all under the so-called natural system? I be- 
lieve it has been unconsciously used ; and thus only can I un- 
derstand the several rules and guides which have been fol- 
lowed by our best systematists. We have no written pedi- 
grees ; we have to make out community of descent by rcsem- 
lilances of any kind. Therefore we choose those characters 
which, as far as we can judge, are the least likely to have been 
modified in relation to tlie conditions of life to which each si)c- 
ries has been recently exposed. Rudimentarv structures on 
this view are as good as, or even sometimes better than, other 
]^arts of the organization. We care not how trifling a charac- 
ter may be — let it be the mere inflection of the angle of tin* 
jaw, the manner in which an insect’s wing is folded, whether 
the skin be covered by hair or feathers— if it prevail through- 
out many and ditferent species, especially those having very 
different habits of life, it assumes high value ; for we cau ac- 
count for its presence in so many forms with such diflerent 
habits, only by inheritance from a common ]^arent. A'^e may 
err in this respect in regard to single points of structure, but 
when several characters, let them be ever so trilling, concur 
throughout a large group of beings having ditferent habits, we 
ma}" feel almost sure, on theory of descent, that these charac- 
ters have bec'u inherited from a common ancestor. And we 
know that such correlated or aggregated characters have es 
pceinl value in classification. 

AVi? can understand why a species or a gTOiip of sj)ccies 
may depart, in several of its most important eliaractcristics, 
from its allies, and yet be safely classed with tliem. Tin's may 
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Ijc safely done, and is often done, as long as a suirieient niiin- 
her of cliaractcrs, let them be ever so unimportant, l)ctrays the 
liidden bond of community of descent. Let two forms have 
not a single character in common, yet if these extreme forms 
are connected together by a chain of intermediate groups, we 
may at once infer tlicir community of descent, and we put 
them all into tlie same class. As we- find organs of liigli 
pliysiologioiil importance — those which serve to preserve life 
under the most diverse conditions of existence — are generally 
the most constant, we attach especial value to them ; but if 
these same organs, in another group or s^jction of a grouj:), are 
found to differ much, we at once value them less in our classi- 
fication. We shall ]ircscntly see why cmbryological charac- 
ters are of such high classilicatpry importance. Geographical 
distribution may sometimes be brought usefully into phi}' in 
classing large genera, because all the species of the same 
geiius, inhal)iting any distinct and isolated region, arc in all 
probability descended from the same parents. 

Analofjical Jlcsemhlanecs . — We can understand, on the 
abov'c views, the very iinjjortant distinction between real af- 
finities and analogical or adaptive resemblances. Lamarck 
first called attention to this distinction, and he has been ably 
followed by Macleay and others. Tlie resemblance in the 
.shape of the body and in the fin-like anterior limbs, between 
the dugong, which is a pachydermatous animal, and the 
whale, and between botii these mammals and fishes, is analo- 
gical. Among insects there arc innumerable instances: thus 
Lin mens, misled by external appearances, actually classed an 
hoinoi)terous insect as a moth. We sec something of the same 
kind even in our domestic varieties, as in the thickened stems 
of the common and Swedish turnips. The resemblance of the 
greyhound and race-horse is hardly more fanciful than the 
analogies whicli have been drawn by some authors between 
widely-distinct animals. On my view of characters being of 
real importance for classification, only in so far as they reveal 
descent, we can clearly understand why analogical or adajitive 
characters, although of the utmost importance to the welfare 
c»f ihc being, arc almost valueless to the syslemat ists. For 
animals belonging to two most distinct lines of descent may 
readily liavc become adapted to similar conditions, and thus 
have assumed a close external resemblance ; but sneh resem- 
Idanccs will not reveal — will ratlicr tend to conceal their 
blood-rclationslii]). We can thus also understand tlie appar- 
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eiit ]iaiadox, tliat tlio very same characters arc analog’ieal 
wlien one class or one order is compared 'svith anollicr, but 
"ivc true afiinities ^vllen the inenibers of the same class or or- 
der arc compared together; thus, the sha]ie of the body and 
fin-like limbs are only analogical \vhcn whales arc compared 
with fishes, being adaptations in both classes for swimming 
through the water; but tiic shape of the body and fin-like 
limbs serve as characters exhibiting true aflinity between the 
several members of the whale family; for these cetaceans 
agree in so many characters, great and small, that we cannot 
doubt that they have mherited tlieir general shape of body and 
structure of limbs from a common ancestor. So it is with 
fishes. 

The most remarkable case of analogical resemblance ever 
recorded, though not dependent on adaptation to similar con- 
ditions of life, is that given by !^[r. Bates with respect to cer- 
tain butterflies in the Amazonian region closely mimicking 
other kinds. This excellent observer shows that in a district 
where, for instance, an Ithomia abounds in gaudy swarms, 
another butterfly, namely, a Leptalis, is often found mingled 
in the same flock, and so closely resembles the Itliomia in 
every shade and strij:)e of color, and even in the shape of its 
wings, that ^Ir. Bates, with his eyes sharpened by collecting 
during eleven years, was, though always on liis guard, con- 
tinually deceived. When the mockers and the mocked are caught 
and coiniiarcd, they arc found to be totally different in essen- 
tial structure, and to belong, not only to distinct genera, but 
often to distinct families. Ifad this mimicry occurred in only 
one or two instances, it might have been passed over as a 
strange coincidence. But, if we proceed from a district where 
one Leptalis imitates an Ithomia, another mocking and mocked 
species belonging to the same genera, equally close in their re- 
semblance, will be found. Altogether no less than ten genera 
are enumerated, which include species that imitate other but- 
terflies. The mockers and mocked always inhabit the same 
region ; we never find an imitator living remote from tlie 
form which it imitates. The mockers are almost invariably 
rare insects ; the mocked in almost every ease abound in 
swanns. In the same district in which a species of Lej^talis 
closely imitates an Ithomia, there are sometimes other Lej)i- 
doptcra mimicking the same Ithomia ; so that in the same 
place, s]iecies of three genera of butterflies and even a moth 
are found all closely resembling a butterfly belonging to a fourth 
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genus. It deserves especial notice that many of the mimick- 
ing forms of the Leptalis, as well as of the mimicked form.«i, 
can be shown by a graduated scries to be merely A aricties of 
the same species; while others arc undoubtedly distinct spe- 
cies. I3ut why, it may be asked, are certain forms treated as 
the mimicked and others as the inimickcrs? Mr. Bates satis- 
factorily answers tliis question, by shoAAnng that the form 
which is imitated keeps the usual dress of the group to Avhich 
it bclong.^^, wliilc the counterfeiters have changed their dress 
and do not resemble their nearest allies. 

arc next led to inquire what reason can possibly be as- 
signed for certain butterilies and moths so often assuming the 
dress of another and quite distinct form ; Avhy, to the perplexity 
of naturalists, has Nature condescended to the tricks of the 
stage? j\Ir. Bates has, no doubt, hit on the tnie explanation. 
The mocked forms, Avliich always aljound in numbers, must 
habitually escape destruction to a large extent, otherwise they 
could not exist in such swarms ; and ^Ir. 13atcs never saw 
them preyed on by birds and certain large insects Avhich at- 
tack other butterilies. lie has good reason to belicA'c that 
tliis immunity is owing to a peculiar and oflensive odor which 
they emit. The mocking forms, on the other hand, that in- 
habit the same district, arc comparatively rare, and belong to 
rare groups ; hence they must sulTcr habitually from some 
danger, for otherwise, from the number of eggs laid by all but- 
terllies, they would in three or four generations swarm over tlie 
whole country. Now if a member of one of these persecuted 
and rare groujis were to assume a dress so like that of a well- 
])rotected species that it continually deceived the practised 
eyes of an cntoimdogist, it Avould often deceive predacious birds 
and insects, and thus escaj^e much destruction. !Mr. Bates 
may almost be .said to have actually witnessed the process 
by which tlie inimickcrs Ikia'C come so closely to resemble the 
mimicked ; for he found that some of the forms of Leptalis 
which inimie so many other butterflies, A'aried in an extreme 
degree. In one district several A'arietics occurred, and of these 
OIK' alone resemlded, to a certain extent, the common Ithomia 
of th(' same district. In another district there were two or 
tliree varictii's, one of which was mncli commoner than the 
otliers, ami this closely mockeil anotlier form of Ithomia. 
From factsyif tliis nature, !Mr. 1 kites concludes that the Ix‘]> 
talis first varies ; and Avhen a variety hap]iens to re.seinble in 
some degree any common butterfly inhabiting the same district, 
17 
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tliis variety, from its rcscml)lancc to a flourisliing and little-pcr- 
sccuted kind, has a l)ctter chance of escaping destruction from 
predacious l)irds and insects, and is consequently oftener pre- 
served ; “ the less }ierfect degrees of rescml)lance being gener- 
ation after generation eliminated, and only the otlicrs left to 
l^ropagate their kind.” So that here wo have an excellent il- 
lustration of natural selection. 

Mr. W’^allace has recently described several equally striking 
cases of mimicry in the Lepidoptcra of the Malay Archipelago, 
and other instances could be given ’*vitli other orders of insects. 
Mr. Wallace has also described one case of mimicry among 
birds, but we have no such cases with the larger quadrupeds. 
Tlic much greater frequency of mimicry with insects than with 
other animals, is probabl}^ the consequence of their small size ; 
insects cannot defend themselves, excepting indeed the kinds 
that sting, and I have never heard of an instance of these 
mocking other insects, though they are mocked ; insects can- 
not escape by flight from the larger animals ; hence they arc 
reduced, like most weak creatures, to trickery and dissimula- 
tion. 

But to return to more ordinary cases of analogical resem- 
l)laiice: as members of distinct classes have often been adapted 
by successive slight modifications to live under nearly similar 
circumstances — to inhabit, for instance, the three elements of 
land, air, and water — we can perhaps understand how it is that 
a numerical parallelism has sometimes been observed between 
the sub-groups in distinct classes. A naturalist, struck by a 
parallelism of this nature in any one class, by arljitrarily rais- 
ing or sinking the value of the groups in other classes (and all 
our experience shows that their valuation is as yet arbitrary) 
could easily extend the parallelism over a wide range ; and 
tlius the septenar}', qiiinaiy, quaternary, and ternary classifica- 
tions have probably arisen. 

On the Kature of the Afiinitles connecting Organic J?c’- 
ings . — As the modified tlesceiidants of dominant species, be- 
longing to the larger genera, tend to inherit the advantages 
which made the groups to which they belong large and their 
parents dominant, they are almost sure to spread widely, and 
to seize on more and more places in the economy of Nature. 
The larger and more dominant gronj^s within each class thus 
tend to go on increasing in size ; and they conseiyiently sup- 
plant many smaller and feebler groiqxs, Tims we can account 
lor the fact that all organisms, recent and extinct, are includetl 
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imdcr ;i few ^rcat orders, and under still fewer classes. As 
showing liow few tlic lii^^lier groups are in miinber, and liow 
widely lliey are spread throughout the world, the fact is strik- 
ing, that the discovery of Australia has not added an insect 
belonging to a new class ; and that in tlic vegetable kingdom, 
as I learn from J)r. Hooker, it has added only two or tlnee 
families of small size. 

In the chapter on Geological Succession 1 attempted to 
show, on the principle of each group having generally diverged 
much in character during the long-continned process of inodifi* 
cation, how it is that the more ancient forms of life often pre- 
sent characters in some degree intermediate between existing 
groups. Some few of those old and intermediate forms hav- 
ing transmitted to the present day descendants but little modi- 
fied, constitute our so-called osculant or aberrant species. The 
more aberrant any form is, the greater must be tlie number 
<^f connecting forms which liavc been exterminated and utterly 
lost. And we have some cndence of aberrant groups having 
snlVei’cd scvercl}' from extinction, for they are almost always 
represented by extremely lew species ; and such species as do. 
occur arc generally very distinct from each other, which again 
implies extinction. The genera Ornilhorhynchiis and Lepi- 
dosiren, hn* example', would not have been less aberrant had 
each bemi represented by a dozen species instead of by a single 
one, or l)y one or two. We can, I think, account for this fact 
only by looking at aberrant groups as forms which have been 
eonejuered Ijy more successful competitors, with a few mem- 
])crs still ])re.served under unusually favorable conditions. 

Mr. AVaterhouse has remarkcel that, when a member be- 
longing to one grouj) of animals exhibhs an alTinit}’ to a quite 
distinct group, this allinity in most cases is general and not 
special : thus, according to Mr. AVaterhoiise, of all Hodents, 
the bizcacha is most mairly related to Marsupials; but in the 
points in wliich it ajiproaches this order, its relations are gen- 
eral, and not to any one marsupial sj)ecies more than to an- 
other. As the ])()ints of aflinity are believed to be real and 
not merely adaptive', they must 1)C due, in accordance ^vith our 
view, to inheritance* fremi a common ])rogenitor. Therefore we 
must su])pos(i (‘ither that all Kod<*nts, including the bizcacha, 
branched oil from some ancient Marsupial, which will naturally 
have been more* or less inte*rmeeliate in character witli respect 
to all (‘xisting Marsupials; or tiiat both Ih^elents and Alarsn- 
])ials ])ranch(*d olT from a common progenitor, and that botli 
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groups liavc since undergone much modification in divergent 
directions. On either view we must suppose that the bizcacha 
has retained, by inheritance, more of the character of its an- 
cient progenitor tlum have otlier Jiodents; and therefore it 
will not be specially related to any one existing ^farsupial, but 
indirectly to all or nearly all i\rarsu])ials, from having partially 
retained the character of their common progenitor, or of some 
early member of the group. On the other hand, of all Mar- 
su]iials, as Mr. Waterhouse has remarked, the Phascolomys 
resembles most nearly, not any one species, but the general 
order of Podents. In this case, however, it may be strongly 
suspected that the resemblance is only analogical, owing to 
the Phascolomys having become adapted to habits like those 
of a Podent. The elder De Candolle has made nearly similar 
ol)servations on the general nature of the affinities of distinct 
families of plants. 

On the principle of the multiplication and gradual diver 
gence in character of the species descended from a common 
progenitor, together with their retention by inheritance of 
some characters in common, we can understand the excessively 
complex and radiating affinities by which all the members of 
the same family or higher group are connected together. For 
the common progenitor of a whole family, now broken up by 
extinction iiUo distinct groups and sub-groups, will have trans- 
mitted some of its characters, modified in various ways and 
degrees, to all the species ; and they will consequently be 
r(‘lat(‘d to each other by eircuitous lines of affinity of. various 
lengths (as may be seen in the diagram so often referred to), 
mounting iij) through many jwedeccssors. As it is difficult to 
show the blood-relationshi]) between the numerous kindred of 
any ancient and noble family even l>y the aid of a genealogical 
tive, and almost impossible to do so without this aid, we can 
understand the extraordinary difficult}^ which naturalists liavc 
experienced in describing, without the aid of a diagram, the 
various allinities which they perceive between the many living 
and extinct members of the same great natural class. 

Extinction, as we have seen in the fourth chapter, has 
played an im]X)rtant part in defining and undening the inter- 
vals between the several groups in each class. We may thus 
account for the distinctness of whole classes from each other — 
for instance, of birds from all other vertebrate animals — by the 
belief that man\' ancient forms of life have been utterly lost, 
through whi(*h the early progenitors of Ijirds were formerly 
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roniiocted witli tlic early ])ro^ciiitors of tlic otlier and at tliat 
time less din'erentiated vertebrate classes. Tlvcrc has been 
less comjdctc extinction of the forms of life which once con- 
nected lishes with batraehiaiis. There has been still less in 
some other classes, as with the Crustacea, for here the most 
wonderfully diverse forms are still linked together by a long 
and only partially-broken chain of allinities. Extinction has 
only separated the groujis : it has by no means made them ; 
for, if every form which has ever lived on this earth were sud- 
denly to reappear, though it would be quite impossible to give 
(Icfniitions by which each group could be distinguished, still a 
natural classification, or at least a natural arrangement, would 
be possible. AVe shall see this l)y turning to the diagram: 
the letters, A to L, may represent eleven Silurian genera, some 
of which have produced large groups of modified descendants, 
^vith every link in each branch and sub-branch still alive ; and 
the links not greater than those between the finest varieties. 
In this case it would be quite im])Ossible to give definitions by 
which the several members of the several groups could be dis- 
tinguished from their more immediate parents and descendants. 
Yet the arrangement in the diagram would still hold good and 
would be natural ; for, on the principle of inheritance, all the 
forms descended, for instance, from A, would have something 
in common. In a tree we can distinguish this or that branch, 
though at the actual fork the two unite and blend together. 
AVe could not, as I have said, define the several groups; but 
^vc could pick out t)"pcs, or forms, representing most of the 
characters of each group, whether large or small, and thus give 
a general idea of the value of the ditTcrcnccs between them. 
This is what we should be driven to, if we were ever to suc- 
ceed in collecting all the forms in any one class which have 
lived throughout all time and space. Assuredly we shall never 
succeed in making so perfect a collection: nevertheless, in cer- 
tain classes, we are tending toward this end ; and Milne Ed- 
wards has lately insisted, in an able i^aper, on the high impor- 
tance of looking to types, whether or not we can separate and 
define the groujis to which such types belong. 

Finally, we have seen that natural selection, which results 
from the struggle for existence, and which almost inevitably 
leads to extinct ion and divergence of character in the descend- 
ants from one dominant parent-species, cxidains that great and 
universal feature in the- allinities of all organic beings, namely, 
their subordination in group under group. AYe use the cle- 
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mcnt of descent in classiiif^ tlic individuals of botli sexes and 
of all ages niijcr one species, altliougli they nia}' hare but few 
characters in common ; we use descent in classing acknowl- 
edged varieties, however dillcrcnt they may be from their par- 
ent; and I believe this element of descent is the hidden bond 
(^f connection which naturalists have sought under the term of 
the Xatural System. On this idea of the natural system being, 
in so far as it has been perfected, genealogical in its arrange- 
ment, with the grades of diflercncc expressed by the terms 
g(*ncra, families, orders, etc., we can understand the rules 
which we are coin])clled to follow in our classification. AVe can 
understand why we value certain resemblances far more than 
others ; why we use rudimentary and useless organs, or others 
of trilling physiological importance ; why, in finding the rela- 
tions between one grouji and another, we summarily reject 
analogical or adaptive characters, and yet use the same char- 
acters, within the limits of the same group. AVe can clearly 
sec how it is that all li\dng and extinct forms can be grouped 
together within a few great classes; and how the several mem- 
bers of each class arc connected together by the most coinjdcx 
and radiating lines of aflinitics. AA^e shall never, iwobably, 
disentangle the inextricable web of the allinitics between the 
members of any one class ; but when we have a distinct object 
in view, and do not look to some imlmown plan of creation, 
we may hope to make sure but slow ]:>rogrcss. 

Prof. Ilackcl, in his Gencrclle Alorphologie ” and in sever- 
al other works, has rcccntl}^ brought his great knowledge and 
abilities to bear on what he calls phjdogcny, or the lines of 
descent of all organic beings. In drawing up the several sc- 
ries he trusts cliiefl}^ to cmbrj'ological characters, but draws aid 
from homologous and rudimentary organs, as well as from the 
successive periods at which the various forms of life first aj> 
peared in our geological formations. lie has thus boldly made 
a great beginning, and shows us how classification will in the 
future be treated. 



Morphology. 

AVe have seen that the members of the same class, indepen- 
dently of their habits of life, resemble each other in the general 
plan of their organization. This resemblance is often expressed 
by the term “ unity of tA'^ic;” or by saying that the several 
parts and organs in the different species of the class arc homol- 
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o^oiis. The wliole subject is incliulod iiiuler tlie general term 
of Morpliology. Tliis is the most interesting department of 
natural histoiy, and may be said to 1)C its very soul. Wliat 
can be more curious tliau that the hand of a man, formed for 
grasping, that of a mole for digging, the leg of tlie horse, the 
[)addlc of the porpoise, and the wing of the bat, should all be 
constructed on tlie same ])attern, and should include similar 
bones, in the Siune relative positions ? Gcotfroy St.-IIilairc 
has insisted strongly on the high imj^ortnnee of relative ])osi- 
tion or connection in homologous parts; they may differ to 
almost aii}^ extent in form and size, and yet will remain con- 
necti‘d togeth('r in the same invariable order. AVe never find, 
for instance, the bones of the arm and forearm, or of the thigh 
and leg, trans]>osed. Hence the same names can be given to 
file homologous lx>nes in widcly-different animals. AVc sec 
the same great law in the construction of the mouths of in- 
sects ; what can be more different than the immensely long 
spiral proboscis of a sphinx-moth, the curious folded one of a 
bee or bug, and the great jaws of a beetle? — yet all tlicsc or- 
gans, serving for such widoly-differeut puqx)scs, arc formed by 
inlinitcly-uumcroiis modifications of an upper lip, mandibles, 
and two ]iairs of inaxillm. The same law governs the con- 
struction of the mouths and limbs of crustaceans. So it is 
with the flowers of plants. 

Nothing can be more hopeless than to attempt to explain 
this similarity of pattern in members of the same class, by util- 
ity or by the doctrine of final causes. The hopelessness of the 
attem])t has been cx])ressly admitted by Owen in his most 
interesting work on the “ Nature of Limbs,” On the ordinary 
view of the independent creation of each being, we can only 
say that so it is — that it has pleased the Creator to construct 
all the animals and plants in each great class on a uniform 
jilan: but tliis is not a scientific explanation. 

The explanation is manifest according to the theory of the 
selection of successive slight modifications — each modification 
being profitable in some way to the modified form, but often 
affecting by coiTclalioii other parts of the organization. In 
changi'S of this nature, there Avill be little or no Icndencv to 
alter the origiiuxl pattern, or to transpose the parts. The 
bones of a limb might be shortened and flattene<l to any ex- 
tent, becoming at tlie same time envidoped in thick membrane, 
so as to serve as a fm ; or a webbed hand might liave all its 
bones, or certain bones, lengthened to any extent, with the 
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incnil>ranc connecting; them increased, so as to serve as a wing; 
yet all this modification would not tend to alter the fiTimework 
of the IxHics or the relative connection of the parts. If wo 
snjiposc that an early progenitor — the archetyjxj as it may be 
railed — of all mammals, had its limbs constructed on the ex- 
isting general ])attern, for whatever pui’|:»osc they served, we 
can at once perceive the plain signification of the homologous 
construction of the limits throughout the class. So wth the 
mouths of insects, we have only to suppose that their common 
progenitor had an upper liji, mandibles, and two ])air of inax- 
ill;e, these ])arts being jxjrhaps very simple in form ; and tlicn 
natural selection will account for the infinite diversity in the 
structure and functions of the mouths of insects. Neverthe- 
less, it is conceivable that the general pattern of an organ 
might become so much obscured as to be finally lost, by the 
reduction and ultimately by the complete abortion of certain 
j);irts, by tlie fusion of other parts, and by the doubling or mul- 
tiplication of others — variations which we know to be within 
the limits of possibility. In the paddles of the gigantic ex- 
tinct sea-lizards, and in the mouths of certain suctonal crusta- 
i:(*ans, the general pattern seems thus to have been partially 
obscured. 

There is another and equally curious branch of our ]>rcscnt 
suljjcct ; namely, the comparison, not of the same parts or or- 
g'aiis in different members of the same class, but of the differ- 
ent parts or organs in the same individual. Most physiologists 
believe that the bones of the skvill are homologous with — that 
is, correspond in number and in relativ^e connection with — the 
elemental parts of a certain number of vertebne. The anterior 
and ])osterior limbs in all the higher vcrtebiTite classes are 
plainly homologous. So it is with the wonderfully complex 
jaws and legs of crustaceans. It is familiar to almost every 
one, that in a flower the relative position of the sepals, petals, 
stamens, and pistils, as well as their intimate structure, are in- 
telligible on the view that they consist of metamorphosed 
leaves, arranged in a spire. In monstrous plants, we often get 
direct evidence of the possibility of one organ being tnmsformed 
into another; and we can actually sec, during the early or em- 
bryonic stages of development in flowers, as well as in crusta- 
ceans and many other animals, that organs, which when mature 
become extremely different, arc at fii*st exactly alike. 

flow inexplicable are these facts on the ordinary ^dew of 
creation ! Wby should the brain be enclosed in a box com- 
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posed of sueli niiiiicroiis and sucli cxtraordiiiarily-sliapcd pieces 
of bone ? As Owen lias remarked, the lieiielit derived from 
the yielding of the separate pieces in the act of parturition of 
mammals, will by no means explain the same construction in 
the skulls of birds and reptiles. Why should similar bones 
have been created to form the wing and the leg of a bat, used 
as they arc for sucli totally diflerent purposes? Why should 
one crustacean, which has an extremely complex mouth formed 
of many parts, consequently always have fewer legs ; or, con- 
versely, those with many legs have simpler months? Why 
should the sepals, petals, stamens, and pistils, in each flower, 
tliougli lit ted for such witlely-dillcrent purposes, be all con- 
structed on the same ])attcrn ? 

Oil the theory of natural selection, we can answer these 
questions. In the vertebrata, we sec a scries of internal verte- 
brm liearing certain processes; in the articulata, the body di- 
vided into a series of segments, bearing external appendages; 
and, in llowiMang plants, sjiiral whorls of leaves. An indelinitc 
repetition of the same ]iart or organ is the common character- 
istic, as Owen has obscrv’cd, of all low or little-modified forms; 
therefore the unknown progenitor of the vertebrata no doubt 
])osscsscd many vertebrm; the unknown progenitor of the ar- 
ticulata, many segments; and the unknown progenitor of 
flowering ])lants, many leaves aminged in one or more spires. 
"We ha\-e formerly seen that parts many times repeated are 
eminently liable to vary in number and structure. Conse- 
r|uently, such ]>arts licing already present, and being highly 
\'ariable, would afford the materials for adaptation to tjic most 
diflerent purposes; and they would generally retain through 
the force of inheritance plain traces of tlicir original or funda- 
mental resemblance. 

In the gi’cat class of mollusks, though it can easily be 
shown tliat the parts in distinct species arc homologous, but 
few serial homologies can be indicated ; that is, we arc seldom 
enabled to say that one \rdvi is homologous with another part 
in the same individual. And we can understand this fact ; for 
in mollusks, even in the lowest members of the class, we do 
not find nearly so much indellnit<‘ re]Kditi<^n of any one ]Kirt as 
we find in the (jllier great classes of the animal and vc'getable 
kingdoms. 

Naturalists frequently speak of the skull as formed of meta- 
morphosed V(Tt(‘brje ; the jaws of crabs as metamorphosed legs ; 
the stamens and pistils in flowers as metamorphosed leaves ; ljut 
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it would iu iiiosl cuses probably be more correct, as Prof. Huxley 
lias remarked, to s]ieak of both skull and vertebrm, both jaws 
and h*^^s, etc., as liaving been metamorjdioscd, not one from 
the other, as they now exist, but from some common and 
simpler element. Most naturalists, however, use such lan- 
f^uage only in a metaphorical sense ; they are fi\r from mean- 
ing that, during a long course of descent, primordial organs 
of any kind — vertebra} in the one case and legs in the other 
— have actually been converted into skulls or jaws. Yet so 
strong is the appearance of this having occurred, that nat- 
uralists can hardly avoid employing language having this 
j)lain signification. According to the views liere maintained, 
such language may be used literallj’; and the wonderful fact 
of the jaws, for instance, of a crab retaining numerous charac- 
ters, which the}' probably would have retained through inlieri- 
tance, if they had really been metamorphosed from tme though 
extremely simple legs, is explained. 

Development and Kmhryolorjij, 

This is one of the most important subjects in the whole 
round of natural history. The metamor])hoscs of insects, with 
which every one is familiar, are generally ellectcd abruptly by 
a few stages; but the transformations are in reality numerous 
and gradual, tliough concealed. A certain ephemerous insect 
(ChlOeon) during its development, moults, as shown by Sir J. 
Lubbock, about twenty times, and each time undergoes a cer- 
tain amount of change; and iu this case we see the act of 
metamorphosis performed in a primary and gradual manner. 
Many insects, and especially certain crustaceans, show us what 
wonderful changes of structure can be cflccted during develop- 
ment. Such changes, however, reach tlieir climax in the so- 
called alternate generations of some of the lower animals. It 
is, ft)r instance, an astonishing fact that a delicate branching 
coralline, studtled with polypi and attached to a submarine 
rock, should ])roducc, first by budding and then by transverse 
division, a host of huge floating jelly-iishes ; and that these 
should ]}roduce eggs, from which are hatched swimming ani- 
malcules, which attach themselves to rocks and become devel- 
oped into branching corallines ; and so on iu an endless cycle. 
The belief in the essential identity of the ju-occss of alternate 
generation and of ordinary metamorphosis has been greatly 
strengthened by ^Vagner’s discovery of the larva or maggot 
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of a fly, namely, ilic Cecidomj'ia, producing ascxually otlicr 
and similar larvic. 

It lias already been stated that various parts and organs in the 
same indivitlual are exactly like eacli otlicr daring an early em- 
bryonic period, but in the adult state become widely diflerent 
and serve for widely-dilTcrcnt puq^oses. So again it has been 
stated that the embryos of the most distinct species within the 
same class are generally closely similar, but become when fully 
tlevelopcd widely dissimilar. A better proof of this latter fact 
cannot be given than that by You Baer, namcl}’, that “the em- 
bryos of mammalia, of birds, lizards, and snakes, probably also 
of ehclonia, arc in their earliest states exceedingly like one 
another, both as a whole and in the mode of development of 
their parts; so much so, in fact, that we can often distinguish 
the embryos only b}^ their size. In 1113" possession are two 
little embryos in spirit, whose names I have omitted to attach, 
and at ]wsent 1 am (piite unable to sa}’’ to what class they be- 
long. They ma}^ be lizards or small birds, or ver}^ voting 
mammalia, so complete is the similarit}' in the mode of forma- 
tion of the head and trunk in these animals. The extremities, 
liowcvcr, arc still absent in these embrj^os. But even if tlmy 
liad existed in the earliest stage of their development we 
should learn nothing, for the feet of lizards and mammals, the 
wings and feet of birds, no less than the hands and feet of 
man, all arise from the same fundamental form.” Tlic vermi- 
form larvm of moths, flies, beetles, etc., generally resemble each 
other much more closcl}’' than do the mature insects; but in 
these cases the embryos arc active, and from having been 
adapted for special linos of life sometimes diller mucli from 
each other. A trace of the law of cmbr\’onic resemblance oc- 
casionallv lasts till a rather late age: thus birds of the same 
genus, and of closely-allied genera, often resemble each other 
ill their immature plumage; as we sec in the spotted feathers 
in the young of the thrush group. In the cat tribe, most of 
the species arc stri]icd or spotted in lines; and stripes or spots 
can be jflainly distinguished in the whcl}:) of the lion and the 
puma. We occasionally though rarcl}' sec something of this 
kind in plants; thus the first leaves of the ulex or furze, and 
the first leaves of the plyllodineous acacias, arc ])innate or di- 
vided like the ordinary leaves of the lcguminosa\ 

Tlic points of structure, in which the embrvos of wideA- 
diflerent animals within the same class resemble each other, 
often have no direct relation to their conditions of existence. 
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Wc cannot, for instance, suppose that in tlie embryos of the 
vcrlcbrata the ])cculiar loop-like courses of tlic arteries jiear the 
branehial slits are related to similar conditions — in the 3 'oung 
mammal v hich is nourished in the womb of its mother, in the 
eg*g of the bird which is hatched in a nest, and in the spawn 
of a frog under water. AVc have no more reason to believe 
in such a relation, than Ave have to believe that the similar 
bones in the hand of a man, Aving of a bat, and fin of a por- 
jmisc, arc related to similar conditions of life. No one sup- 
poses that the stripes on the Avhelp of a lion, or the spots on 
the .young blackbird, arc of use to these animals. 

The case, hoAA’CA’cr, is dilTcrcnt AAdicn an animal during any 
part of its cinbrj^onic career is active, and has to provide for 
itself. The period of acthuty ma}^ come on earlier or later in 
life ; but AAdicncvcr it comes on, the adaptation of the larva to 
its conditions of life is just as perfect and as beautiful as in the 
adult animal. In Iioav important a manner this has acted, has 
recently been Avell sliOAvn by Sir J. Lubbock in his remarks 
on the close similarity of the lar\^m of some insects belonging 
to A*cry dillcrent orders, and on the dissimilarity' of the larA'03 
of other insects Avithin the same order, according to their 
habits of life. From such adaptations, especially aa'Iicii they' 
imjily a division of labor during the difterent stages of develop- 
ment, as AA'licii the same larA'a has during one stage to search 
for food, and has during another stage to search for a ])lacc of 
attachment, the similarity of the larA'm of allied animals is 
sometimes greatly obscured ; and cases could be giA'cn of the 
lai’A'ie of tAA'o s])ccics, or of tAA’o groups of species, dilTering 
more from each other than do the adults. In most cases, hoAV- 
cver, the larA'ie, though active, still obey', more or less closely', 
tlie law of common cmbiyonic resemblance. Cirripcdcs allord 
a good instance of this : even the illustrious Cuvier did not 
perceive that a barnacle Avas a crustacean ; but a glance at 
ihe laiwa sIioaa's this to be true in an unmistakable manner. 
So, again, the tAVO main divisions of cirripcdcs, the peduncu- 
lated and sessile, though dilTering AA-idcly in external appear- 
ance, have larvm in all their stages barely' distinguishable. 

The embiyo in the course of dcA'clopmciit generally' rises 
in organization : I use this expression, though I am aAA'arc that 
it is hardly j^ossible to deline clearly' Avhat is meant by' the 
organization being higher or loAVcr. lint no one probably' will 
dispute that the buttcrlly' is higher than the catcrjnllar. In 
some cases, howcA’cr, the mature animal must be considered as 
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lower ill tlic scale than the larva, as with certain parasitic 
crustaceans. To refer once a^ain to cirripedes : the larvaj in 
the first stage have three pairs of legs, a very siinjilc single 
eye, and a prohoscifonned mouth, with which they feed largely, 
for they increase much in size. In the second stage, answer- 
ing to the chrysalis stage of butterllics, they have six pairs of 
bcautifull^'-constructcd natatory legs, a pair of magnificent 
eoinpouncl eyes, and extremely complex antenme ; but they 
have a close and imperfect mouth, and cannot feed: their func- 
tion at this stage is, to search by their well-developed organs 
of sense, and to reach, by their active powers of swimming, a 
pro]icr ])lace on which to become attached and to undergo their 
final metamorjihosis. When this is completed, they arc fi.\ed 
for life : their legs arc now converted into prehensile organs ; 
tlicy again obtain a well-constructed mouth ; but tliey have no 
antennie, and their two eyes arc now reconverted into a mi- 
nute, single, and very siinjilc eye-spot. In this last and com- 
jdctc state, cirripedes ma}’' be considered as either more highly 
or more lowly organized than they were in the larval condi- 
tion. Hut in some genera the larvm become dcvclo])cd either 
into hermaj^lirodites having tlic ordinary structure, or into 
what I have called comjdcmcntal males, and, in the latter, the 
development lias assuredly been rctrogi*adc ; for the male is a 
mere sack, which lives for a short time, and is destitute of 
month, stomach, or other organs of importance, excepting 
thos(i for reproduction. 

AVe arc so much accustomed to see a difference in structure 
between the embryo and the adult, that we arc tempted to 
look at this difference as in some manner necessarily contin- 
gent on growth. Hut there is no reason wh}% for instance, the 
wings of a bat, or the fins of a porpoise, should not have been 
sketched out with all their parts in proper jiroportion, as soon 
as any structure became visible. In some wliolc groups of 
animals and in certain members of other groups this is the 
case, and the embryo does not at any period differ widely from 
the adult: thus Owen has reinarkc<l in regard to cuttle-fish, 
“ th('re is no mctamoridiosis ; tlic cephalojiodie charactiM* is 
manifested long before- the ])arts of the embryo arc coin- 
]deted.” I.»an(l-shells and fresh-water crustaceans arc born 
liaving their proper form, while the inafine members of the 
same two great classes ])ass through considerable and often 
great changes during their (Icvelojnnent. Sjiidcrs, again, 
liarely undergo any inctamorjihosis. ddic larva' of most insects 
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pass ihroiiL;li a worm-like stage, whether they are aetive and 
adapted to diversified liabits, or are inaetive from ])eing placed 
ill the midst of proper nutriment or from being fed by their 
parents; Init in some few eases, as in tliat of Aphis, if wo look 
to tlie admirable drawings of the develo]:>ment of this insect, by 
Prof. Huxley, we see hardly any trace of the vermiform stage, 

Sometiines it is only the earlier developmental stages 
which fail. Thus Fritz Muller has made the remarkable dis- 
covery that certain shrimp-like crustaceans (allied to Penoeus) 
first ap])ear under the simple naiiplius-form, and after passing 
through two or more zoca-stages, and then through the inysis- 
stage, finally acquire their mature structure : now in the whole 
great malacostracau class, to which these crustaceans belong, 
no other member is as yet known to be first developed under 
Ihc nanplius-form, though many appear as zoeas; nevertheless, 
Muller assigns reasons for his belief that all these crustaceans 
would have ajipearcd as nauplii, if there had been no suppres- 
sion of development. 

How, then, can we explain these several facts in cmbr3’ology 
— namelj", the ver}^ general, though not universal, dificrcncc 
in structure between the embryo and the adult — the various 
]:)arts in the same individual embr^'o, \vhich ultimatel}’ become 
very unlike and serve for diverse purposes, being at an earl 3^ 
period of growth alike — the general, l)ut not invariable, resem- 
blance between the embiyos or larvm of the most distinct 
species in the same class — the embryo retaining, while within 
the egg or womb, structures which are of no service to it, 
either at that period or later in life; Avhile cmbr3’os at a later 
jDcriod, or larvm, Avhich have to provide for their own Avants, 
are perfectl3^ adapted to the surrounding conditions — and lastly 
the fact of certain lar\'m standing higher in the scale of organi- 
zation than the mature animals into Avhich thc3"are dcA’clopcd? 
I believe that all these facts can be explained, as folloAA’s : 

It is commonly assumed, perhaps from monstrosities affect- 
ing the cmbr3'o at a A'cr3’^ early jAcriod, that slight variations or 
individual dillercnces neccssaril3^ ap])car at an equally earl3^ 
period, ^^^c liaA^e little evidence on this head, but Avhat Ave 
ha\"c ccrtainlv points the other wa3’‘ ; for it is notorious that 
breeders of cattle, horses, and A*arious fancy animals, cannot 
positivelv tell, until *somc time after birth, Avhat the merits or 
form of their 3’oiing animals Avill turn out. AVe sec this plainly 
in our own children; avc cannot tell Avhether a child Avill be 
tall or short, or Avliat its precise features Avill be. The ques- 
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tion is not, at what ])criod of life eacli vaiiation may have been 
caused, but at wliat period the efl’eets are displayed. The 
cause may have acted, and I believe generally has acted, on 
one or l)Otli jKironts before reproduction. It deserves notice 
tliat it is of no importance to a very young animal, as long as 
it remains in its mother’s womb or in tlie egg, or as long as it 
is nourished and ]irotected by its parent, whether most of its 
characters are acquired a little earlier or later in life. It 
would not signify, for instance, to a bird which obtained its 
food by having a much-curved beak, whether or not while 
young it possessed a beak of this shape, as long as it was fed 
by its ]iarciits. 

I have stated, in the first chapter, that at whatever age a 
variation first appears in the parent, it tends to reapj^car at a 
corresponding age m the oflspring. Certain variations can 
only appear at corres])ondiug ages: for instance, peculiarities 
in tlie caterpillar, cocoon, or imago states of the silk-moth ; or, 
again, ill the full-grown horns of cattle. J>ut variations, 
which, for all that we can see miglit have appeared cither ear- 
lier or later in life, likewise tend to appear at a corresponding 
age in the offspring and parent. I am far from meaning that 
this is invariably the case ; and I could give several excep- 
tional cases of variations (taking the word in the largest sense) 
which have supervened at an earlier age in the child than in 
die ])arcnf. 

These two principles, namely, that slight variations gener- 
ally a])pear at a not very early period of life, and arc inher- 
ited at a corresponding not early ])criod, explain, as I believe, 
all the above specilied leading facts in embryology. But first 
let us look to a few analogous cases in our domestic varieties. 
Some authors who have written on Dogs, maintain that the 
greyhound and bull-dog, though ajipearing so difl'crent, are 
really closely-allied varieties, descended from the same wild 
stock; hence I was curious to sec how far their puppies dif- 
fered from each other: 1 was told by breeders that they dif- 
fered just as much as their jiarcnts, and this, judging by the 
(we, seemed almost to Ix' the case ; but on actually measuring 
the old dogs and their six-days-old ])U])pi(‘S, I found that the 
puppies ha<l not acquired nearly their full amount of pro]w- 
tional difl'erence. JSo, again, T was told that the foals of cart 
and race horses — breeds which have luam almost wholly formed 
by selection under domestication — dilfered as much as the full- 
grown animals ; but having had careful measurements made 
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of the (lams and of thrce-days-old colts of race-liorscs and 
heavy carldiorses, I find that this is l)y no means the case. 

As \vc have conclusive evidence tliat the breeds of tljc Pig- 
eon are descended from a single wild species, I compared the 
young williin twelve hours after being liatched; I carefully 
measured in the wild ])arent-speeies, in pouters, hxntails, runts, 
barbs, dragons, carriers, and tumblers, the ])roportions (but 
will not ‘here give the details) of the beak, widtli of mouth, 
length of nostril and of eyelid, size of feet and length of leg. 
Now some of these birds, when mature, ditler in so extraor- 
dinary a degree in the length and form of beak, and in other 
characters, that they would certainly be ranked as distinct 
genera if found in a state of nature. But when the nestling 
bii'ds of these several breeds were ]daced in a lOw, though 
most of them could just be distinguished, yet the proportional 
diilerences in the above-specified points were incomparably 
less than in the full-grown birds. Some characteristic ]xoints 
of diflerence — for instance, that of the Avidth of mouth — could 
hardly l)c detected in the young. But there was one remark- 
able excc]ition to this rule, for the young of the short-faced 
tumbler ditfered in all its proportions from the young of the 
Avild rock-pigeon and of the other breeds, almost exactly as 
much as in the adult state. 

The above two principles explain these facts. Fanciers 
select for breeding their dxxgs, horses, pigeons, etc., Avhen 
nearly grown \ip : they are indifferent Avhethcr the desired 
qualities arc accjuired earlier or later in life, if the full-grown 
animal possesses them. And tlic cases just giA’cn, more espe- 
cially tliat of ])igcons, shoAV that the characteristic dilferences 
Avhich giA'c A’alue to the breeds, and Avhieh have been accumu- 
lated ]jy man’s selection, have not generally ajipeared at a A*ery 
early period of life, and haA'c been inherited at a corresponding 
not early period. But the case of the short-faced tumbler, 
Avhich Avhen tweh^e hours old possessed its proper characters, 
proA’es that this is not the uniA*crsal rule; for here the charac- 
teristic diirerences must eitlier liaA^e a])pcared at an earlier 
period than usual, or, if not so, the diirercnces must haA’C been 
inlieritc'd, not at a corresponding, but at an earlier age. 

Noav let us apply these tAvo principles to species in a state 
of nat\u*(\ L('t us take a group of birds, descended from some 
ancient form and modified through natural selection for dilTer- 
eiit habits. Then, from the many slight successiA'C variations 
having supervenccl in the several species at a not carh’ age. 
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and liavini^ been inlicrilod at a corresponding age, llie joiing 
will be left but little modified and will resemble each other 
niiich more closely than do the adnlts — ^just as we have seen 
with the breeds of the ]ngcon. We may extend this view to 
widely-distinct structures and to whole classes. The fore- 
limbs, for instance, which once served as legs to a remote jiro- 
gciiitor, may have become, througli a long course of niodilica- 
tioii, adapted in one descendant to act as hands, in another as 
paddles, in another as wings ; but on the above two principles 
the fore-limbs will not have been much modified in the embryos 
of these several fonns ; althougli in each the embryonic forc- 
liinb will ditfer greatly from that in the adult. Whatever iii- 
(luence, moreover, long-contiiuicil use or disuse may have had 
in modifying the limbs or other ]iarts of animals, this will 
ch icily or solely have affected them when mature, and when 
tlicy had to use their full [lowers to gain their own living; 
and the effect thus [iroduccd will be transmitted to the olf- 
spring at a corresponding mature age. Thus the young will 
not be modified or will be modi lied in a less degree. 

Ill other cases successive variations may have supervened 
at a very early [icriod of life, or the stcjis may have been in- 
luM’iled at an earlier age than tliat at which they first occurred. 
In either case, as we have seen Avith the short-faced tumbler, 
the young or embryo would closely resemble the mature par- 
ent-form. And this is the rule of development in certain whole 
groups or sub-grou]>s, as with cuttle-fish, land-shells, fresh-wa- 
ter crustaceans, sjiidcrs, and some members of the great class 
of insects. With respect to the final cause of the young in 
these grou]is not passing through any inctamor])hosis, we can 
see that this would follow from the following contingencies; 
namely, from the young having to provide at a very early age 
for tlieir own wants, and from their following the same habits 
of life witli their [parents; for, in this case, it would be indis- 
[lensable for their existence that they should be modified in 
the same manner as their parents. Again, with respect to the 
singular fact of so maii}^ terrestrial and fresh-water animals not 
undergoing any metamorphosis, while marine members of the 
same groiijis ]iass through various transformations, Fritz Muller 
has suggested that the process of slowly modifying and adapt- 
ing an animal to live on the land or in fresh water, instead 
of in the sea, would be greatly sim[)lificd by its not passing 
through any larval stage ; for it is not probable that places well 
adapted for both the larval and mature stages, under such new 
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and greatly-diangcd Iiabits of life, could be found unoccupied 
or ill-occupied by other organisms. In this case the gradual 
ac(|uireinent at an earlier and earlier age of the adult structure 
would be favored by natural selection, and all traces of formci 
inelainoiphoscs would finally be lost. 

If, on the other hand, it profited tlie young of an animal to 
follow habits of life slightly different from those of the parent- 
form, and consequently to be constructed in a slightly-dif- 
ferent manner, or if it profited alarva already widely different 
from its parent to change still further, then, on the principle 
of inheritance at corresponding ages, the young or the larvio 
might be rendered by natural selection more and more differ- 
ent from their parents to any conceivable extent. Differences 
in the larvm might, also, become correlated with successive 
stages of development; so that the larvre, in the first stage, 
might come to differ greatly from the larvm in the second 
stage, as is the case with many animals. The adult might 
also become fitted for sites or habits, in which organs of loco- 
motion or of the senses, etc., Avould be useless; and in this 
case the metamorphosis would be retrograde. 

From the remarks just made, we can sec how by changes 
of structure in the young, in conformity with changed habits 
of life, together with inheritance at corresponding ag“cs, animals 
in certain cases might come to pass through stages of develop- 
ment, ])crfectly distinct from their primordial, adult condition. 
Fritz Muller, who has recently discussed this subject with much 
al)ilify, believes that the progenitor of all insects resembled an 
adult insect, and that the caterpillar or maggot stages, as 
well as the cocoon or pupal stages, have subsequently been ac- 
(juired; but from this view many naturalists, for instance, Sir 
J. LublDOck, who has likewise recently discussed this subject, 
would, it is probable, dissent. That certain unusual stages in 
the metamorphoses of insects have been acquired through adap- 
tation to peculiar habits of life, there can hardly be a doubt ; 
thus tlic first larval form of a certain beetle, the Sitaris, as de- 
scribed b}^ 31. Fabrc, is an active, minute insect, furnished with 
six legs, two long antenna?, and four eyes. These larva? arc 
hatched in the nests of bees; and when the male-bees emerge 
from their burrows in the spring, which they do before the 
females, the larvie spring on them, and afterward crawl on the 
female while iniired with the males. As soon as the females 
lay their eggs on the stirfacc of the honey stored in their cells, 
the larva? of the Sitaris leap on the eggs and devour them. 
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Afterwiird tliesc laiTa3 uiulergo a complete change; their eyes 
disajipear; their legs and aiiteniiie become rudimeutaiy, and 
they feed on honey ; so that they now more closely resemble 
the ordinary la rvm of insects; ultimately they undergo a fur- 
ther transformation, and linally emerge as the perfect beetle. 
Now, if an insect, undergoing transformations like those of the 
Sitaris, were to become the progenitor of a whole new class 
of insects, their course of development would i^robabl}^ be 
^videly dillcrcnt from what it now is; and the first larval stage 
certainly would not represent the former condition of any 
adult and ancient insect. 

On the other hand, it is highly probable that with many 
animals the embryonic or larval stages show us, more or less 
coni])lctely, the stale of the progenitor of the wliole group in 
its adult condition. In the great class of the Crustacea, forms 
wonderfully distinct from each other, namely, snctorial para- 
sites, cirripedes, entomostraca, and even the malacostraca, ap- 
jjcar at lirst as larvm under the nauplius-form ; and as these 
larvm feed and live in the open sea, and are not ada])ted for 
any peculiar habits of life, and from other reasons assigned by 
Fritz ^liillcr, it is probable that an independent adult animal, 
resembling the nauplius, existed at some very remote period, 
and subsequently ])rodnccd, along several divcrgimt lines of 
descent, the several above-named great Crustacean groii})s. 
So again it is probable, from what we know of the embryos of 
mammals, birds, fishes, and reptiles, that these animals are the 
modified descendants of some one ancient progenitor, which 
was furnished in its adult state with branchiie, a swim-bladder, 
four simjilc limbs, and a long tail, all fitted for an aquatic life. 

As all the organic beings, extinct and recent, which have 
ever lived, can be arranged within a few great classes; and as 
all within each class have, according to our thcor^q formerly 
l;een connected togctlier by fine gradations, the best, and, if 
our collections were nearly perfect, the only possible arrange- 
ment, would be g(‘ncalogical ; descent being the hidden bond 
of connection which naturalists have been seeking under the 
term of the Natural JSystem. On this view we can under- 
stand how it is that, in the eyes of most naturalists, the 
structure of the embryo is even more important for classitica- 
lion than that of the adult. In two or more groups of ani- 
mals, however much tlicy may diller from each other in struct- 
ure and ha Inis, if they pass tliroiigh closely similar embryonic 
stages, we may feel assured that they all arc descended from one 
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parent-form, and arc tlicrcforc closely related. Thus, communi- 
ty ill embryonic structure reveals community of descent; but 
dissimilarity in embryonic development docs not prove discoin- 
iminity of descent, for in one of two p^roups the developmental 
stages may have been suppressed, or may have been so grciitly 
modified llirougli adaptation to new habits of life, as to be 
no longer recognizable. Even in groups, in which the adults 
Imvc l)cen modified to an extreme degree, community of 
origin is often revealed b}^ the structure of the larvm ; we have 
seen, for instance, that cirripedcs, though extcrnallj^ so like 
shell-fish, arc at once known by their larvae to belong to the 
great class of crustaceans. As the structure of the embryo 
generally shows us more or less plainly the structure of its less 
modified and ancient progenitor, we can sec why ancient and 
extinct forms so often resemble the embryos of existing spe- 
cies in the same class. Agassiz believes this to be a univer- 
sal law of Nature ; and I hope to sec it hereafter shown in 
most cases true. It can, however, be proved true only in 
those cases in which the ancient state has not been wholly ob- 
literated either by successive variations being supervened at a 
very early period of growth, or by sucli viiriations having been 
inherited at an earlier period than that at which they first ap- 
l^earcd. It sliould also l)c borne in mind, that the law may be 
true, but yet, owing to the geological record not extending far 
enough back in time, may remain for a long period, or for ever, 
incapable of demonstration. The law will not liold good in those 
eases in which an ancient form became adapted in its larval 
state to some special line of life, and transmitted the same larval 
state to a whole group of descendants; for these in their lar\'al 
condition Avill not resemble any ancient form in its adult state. 

Thus, as it seems to me, the leading fiicts in embryology, 
which arc second to none in im]iortancc, are explained on the 
principle of modifications in the many descendants from some 
one ancient progenitor, not having appeared at an early jxjriod 
of life, and having been inherited at a corrcs]X)nding period, 
hmibryology rises greatly in interest, when we look at the em- 
bryo as a picture, more or less obscured, of the progenitor, cither 
in its adult or larval state, of all the members of the same 
great class. 

Iludlmentanj^ Atrophied^ and Aborted Organs. 

Organs or parts in this strange condition, bearing the plain 
stamp of inutility, arc extremely common, or even general 
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tlirougliont Nature. It would be difTiciilt to name one of the 
Iiiglier animals in which some part is not in a rudimentary 
condition. In tlic mammalia, for instance, the males always 
]>ossess rudimentary mainmiv; in snakes one lobe of the lun^s 
is rndimentary; in birds the “bastard-wing” may safely lie 
considered as a rudimentary digit, and in not a few species the 
wings cannot be used for llight or arc reduced to a rudiment. 
AVhat can be more curious than the presence of teeth in 
fetal whales, which when grown up have not a tooth in their 
heads; or the teeth, which never cut through the gums, in the 
upper jaws of unborn calves ? 

Rudimentary organs declare their origin and plain meaning 
in various ways. Tiiere are beetles belonging to closely-allied 
species, or even to tlie same identical species, whicli have 
either full-sized and perfect wings, or mere minute rudiments 
of membrane, not rarely Ijnng under wing-covers firmly 
soldered together; and in this case it is impossible to doubt 
that the rudiineiUs represent wings. Rudimentary organs 
sometimes retain tlieir jiotentialitj' ; this occasionally occurs 
with the mammie of male mammals, for they have been known 
to become well developed, and to secrete milk. So again in 
the udders in the genus Bos, there are normally four dcvclojied 
and two rudimentary teats; but the latter in our domestic 
cows sometimes become well developed and yield milk. In 
regard to plants the petals arc sometimes rudimcntal, and 
sometimes well-developed in individuals of the same species. 
In certain dicecious plants Kblrcuter found that by crossing a 
species, in which the male flowers included a rudiment of a 
pistil, with an hermaphrodite species, having of course a well- 
develojied ])istil, the rudiment in the hybrid ollspring Avas 
much increased in size ; and this clearly shows that the rudi- 
mentary and perfect pistils are essentially alike in nat\ire. An 
animal may ])ossess vai ious parts in a perfect state, and yet 
they may in one sense be rudimentary, for they are useless: 
thus the tad[)olc of the common Salamander or newt, as Mr. 
0. II. Lewes remarks, “has gills, and passes its e.Kistenee in 
the water; but the Salamandra atra, which lives high up 
among th(‘ mountains, brings forth its young full-formed. This 
animal never lives in the water. Y(.‘t if we open a gravid fe- 
nisdi', we lind tadpoles insichi her with exc|uisit<4y-fcathered 
gills ; and when ])laced in water they swim about like the tad- 
])oles of the water-newt. Obviously, this aquatic organization 
lias no reference to the future life of the animal, nor has it any 
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adaptation to its onibrvonic condition ; it lias solely reference 
to ancestral adaptations, it repeats a phase in the development 
of its progenitors.” 

An organ, serving for two purposes, may become rudimen- 
tary or utterly aborted for one, even the more important pur- 
]iose, and remain perfectly eflicient for the other. Thus in 
lilaiits, the cilice of the pistil is to allo^v the pollen-tubes to 
reach the ovules within the ovarium. The pistil consists of a 
stigma supported on a style ; but in some Composite, the 
male florets, which of course cannot be fecundated, have a ru- 
dimentary pistil, for it is not crowned with a stigma ; but the 
style remains well developed, and is clothed with hairs, in the 
usual manner, for brushing the pollen out of the surrounding 
and conjoined anthers. Again, an organ may become rudi- 
mentary for its pro]ier piiq^ose, and be used for a distinct ob- 
ject: in certain fish the swim-bladder seems to be nearlj^ rudi- 
mentary for its proper function of giving buoyancy, but has 
become converted into a nascent breathing-organ, or lung. 
Other similar instances could be given. 

Organs, however little developed, if of use, should not 
be considered as rudimentary : they may be called nascent, 
and may hereafter be developed by natural selection to any 
further extent. Hndimentary organs, on the other hand, arc 
essentially usidcss, as teeth which never cut through the gums. 
As they would be of even less use, when in a still less devel- 
oped condition, they cannot have been formed through varia- 
tion and natural selection, which latter acts solely by the pres- 
ervation of useful modilications. The}^ relate to a former 
state of things, and have been partially retained by the power 
of inheritance. It is dithcult to know what organs arc nas- 
c('iit ; looking to the future, we cannot of course tell how 
any part wdll be developed, and whether it is now in a nascent 
condition ; looking to the past, creatures with an organ in this 
condition will generally have been supplanted by their suc- 
cessors with the same organ in a more perfect state, and con- 
sequently will have become long ago extinct. The wing of 
the penguin is of high service, acting as a fm ; it may, there- 
for(‘, represent the nascent state of the wing; not that I be- 
lieve this to be the case; it is more probabl}’ a reduced organ, 
modified for a new function : the wing of the Apteryx, on the 
<^thcr hand, is cjiiitc useless, and is truly rudimentary, llic 
simjile fdamentary limbs of the Lepidosiren apj^arently are in 
a nascent stale; for, as Owen has remarked, they arc the 
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“ 1)0^*11111 inp^s of organs which attain full functional dcvclop- 
ineiit in higher vertebrates.” The mammary glands of the 
Ornithorliyiiehiis may he considered, in comparison witli the 
udders of a cow, as in a nascent condition. The ovigcroiis 
frena of certain cirripedcs, which are only slightly developed, 
and which have ceased to give attachment to the ova, are nas- 
cent branchijc. 

Iludimcntary organs are very lialdc to vary in development 
and in other respects in the intlividuals of the same species. 
Moreover, in closely-allied species, the degree to which the 
same organ has been reduced occasionally dilYers much. This 
latter fact is well excinplilied in the state of the iviiigs in fe- 
male moths in certain groups. Kudimentary organs may be 
utterly aborted; and this implies that, in certain animals or 
idants, parts are entirely absent which analogy would lead us 
to expect to find, and which arc occasionally found in mon- 
strous individuals. Thus in most of the Scrophiilariacene the 
fifth stamen is utterly aborted ; yet we may conclude that a 
fifth stamen once existed, for a rudiment of it is found in many 
species of the family, and this rudiment occasionally becomes 
perfectly developed, as may be seen in the common snaji- 
dragon. In tracing the homologies of any part in dillcrcnt 
members of the same (Tiss, nothing is more common, or more 
nece.ssary, in order fully to understand the relations of the 
j)arts, than the discovery of rudiments. This is well shown in 
tlio drawings given by Owen of the bones of the leg of the 
horse, ox, and rhinoccios. 

It is an important fact that rudimentary organs, such as 
teeth in the njipcr jaws of whah'S and ruminants, can often 
b(; di'toctcd in the embryo, but aftcrAvard wholly disappear. Jt 
is also, I believe, a universal rule, that a rudimentary part is 
of greater size relatively to the adjoining parts in the embryo, 
than in the adult; so that the organ at this early age is less 
rudimentary, or even cannot be said to be in any degree rudi- 
mentary. Hence rudimentary organs in the adult arc often 
.said to have retained their embryonic condition. 

I have now given the h*ading facts Avilh respect to rudi- 
mentary organs. In rellccting on them, (iA'ery one must be 
struck with astoni.shmeni : for the same reasoning pOAver AAdiieh 
t(“lls \is that most parts and organs are ex({uisitcly adaj)ted for 
certain purposes, tells us AA’ith equal ])lainness that these rudi- 
UKMitary or atrophied organs are imperfect and useless. In 
Avorks o:i natural hist(»ry, rudimentary organs are generally 
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said to liavc l)Con created “ for the sake of sjaiiinctry;” or in 
order “ to complete the scheme of Nature.” But this is not an 
explanation, incrcl}' a restatement of the fact. Nor is it con- 
sistent with itself : thus the boa-constrictor has rudiments of 
liind-limbs and of a pelvis, and if it be said that these bones 
have been retained to complete the scheme of Nature,” why, 
as Prof. AVeismann asks, have they not been retained by 
other snakes, which do not possess even a vestige of these 
same bones? What would be thought of an astronomer who 
maintained that the satellites revolve in elliptic courses round 
their ]danets “for the sake of symmetry,” because the planets 
thus revolve round the sun ? An eminent physiologist ac- 
counts for the i)rcscnce of rudimentary organs, by supposing 
that they serve to excrete matter in excess, or matter injurious 
to the system; but can we siijiposc that the minute papilla, 
which often represents the jastil in male flowers, and which is 
formed of mere cellular tissue, can thus act? Can we suppose 
that rudimentary teeth, which arc subsequently absorbed, arc 
beneficial to the rajndly-growing embryonic calf by removing 
matter so precious as phosphate of lime? When a man’s fin- 
gers have been amputated, imperfect nails have been known to 
appear on the stumps, and I could as soon believe that these 
vestiges of nails have been developed in order to excrete horny 
matter, as that the rudimentary nails on the fin of the mana- 
tee have been developed for this same purpose. 

On the view of descent with modification, the origin of 
rudimentary organs is simple. AVe have plenty of eases of 
1‘udimentary organs in our domestic productions — as the stiniqi 
of a tail in tailless breeds — the vestige of an car in earless 
breeds of shec]> — the reappearance of minute dangling horns 
in hornless breeds of cattle, more especially, according to 
Vouatt, in young animals — and the state of the whole flower 
in the cauliflower. A^^c often see rudiments of various parts 
in monsters. But I doubt whether any of these eases .throw 
light on the origin of rudimentary organs in a state of nature, 
further than by showing that rudiments can be produced; for 
J doul)t wladher species under Nature ever undergo- abrupt 
ehang(*s. I believe that disuse has been the main agency; 
that it has led in successive generations to the gradual reduc'- 
tion of various organs, until tliey have become rudimentary — 
as in the case* of the eyes of animals inhabiting dark caverns, 
and of the wings of birds inhabiting oceanic islands, which 
h:iv(' seldom l)C(*n forced by beasts of prev to take flight, and 
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have ultimately lost the power of Hying. Again, an organ 
useful under certain conditions, might Ijocome injurious under 
others, as with the wings of beetles living on small and ex- 
posed islands; and in tliis case natural selection would con- 
tinue slowly to reduce the organ, until it was rendered harm- 
less and rudimentary. 

Any change in structure, and function, which can be ef- 
fected b}^ insensibly small stc])s, is within the power of natural 
selection ; so that an organ rendered, through changed habits 
of life, useless or injurious for one purpose, might be modified 
and used for another ])urpose. An organ might, also, be 
retained for one alone of its former functions. An organ, oii- 
ginall}' formed by the aid of natural selection, when rendered 
useless, maj' well be variable, for its variations can no longer be 
checked by natural selection. At whatever period of life tdther 
disuse or selection reduces an organ, and this will generally be 
when the being has come to maturity and has to exert its full 
powers of action, the principle of inheritance at corresponding 
ages will reproduce the organ in its reduced state at the same 
mature age, but will seldom affect it in the embryo. Thus we 
can understand the greater size of rudimentary organs in tlic 
embryo relatively to its other parts, and their lesser relative 
size in the adult. But if each step of the process of reduction 
were to be inherited, not at a corresponding age, but at a veiy 
(\arly ]^eriod of life, the rudimentary ])art would tend to be 
wholly lost, and we should have a case of complete abortion. 
Tlie ]u-inciple, also, of the economy of organization, explained 
in a former chapter, by which the materials forming any part, 
if not useful to tlie ])ossessor, will be saved as far as is ]K)s- 
sible, may often have come into play, and aided in the entire 
obliteration of a rudimentary organ. 

As the ]u*esence of rudimentary organs is thus due to the 
tendency in every part of the organization, which has long- 
existed, to be inherited — we can understand, on the genealo- 
gical view of classification, how it is that systematists have 
found rudinumtary parts as useful as, or even sometimes more 
useful than, parts of high ])hysiological im])ortancc. Budimen- 
tary organs may be (*om])ared with the letters in a word, still 
retained in the spelling, but become useless in the pronuncia- 
tion, but which serve as a clew for its derivation. On the view 
of descent with modification, we may conclude that the exist- 
ence of organs in a rudimentary, imj)erfect, and usele.ss condi- 
tion, or cpiite aborted, far from presenting a strange diilicultv, 
18 
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as tliey assuredly do on the ordinary doctrine of creation^ 
might even have been anticipated in accordance ^Yith the views 
here explained. 

/^ummcoy. 

In this cha]:)tcr I have attempted to show that the arrange- 
ment of all organic beings throughout all time in group under 
group — that the nature of the relationship, by which all livdng 
and extinct organisms arc united by complex, radiating, and 
circuitous lines of affinities in a few grand classes — the rules 
followed and the difficulties encountered by naturalists in their 
classifications — the value set upon characters, if constant and 
prevalent, whether of high or the most trifling importance, or, 
a,s with rudimentary organs, of no importance — the wide oppo- 
sition in value between analogical or adaptive characters, and 
characters of true affinity, and other such rules — all naturally 
follow if we admit the common parentage of allied forms, to- 
gether with their modification through natural selection, with 
its contingencies of extinction and divergence of character. 
In considering this view of classification, it should be borne in 
mind that the clement of descent has been univcrsall}" used in 
ranking together the sexes, ages, dimorphic forms, and acknowl- 
edged varieties of the same species, however different they 
may be in structure. If we extend the use of this element of 
descent — the one certainly known cause of similarity in or- 
ganic beings — we shall understand what is meant by the Nat- 
ural System: it is genealogical in its attempted arrangement, 
with the grades of acquired difference marked by the terms, 
varieties, species, genera, families, orders, an'd classes. 

On this same view of descent with modification, all the 
great facts in Morphology become intelligible — whether we 
look to the same pattern displayed by the different species of 
the same class in tlieir homologous organs, to whatever ]>ur- 
pose applied ; or to tlic homologous parts in each individual 
animal and plant. 

On this princix)le of successive slight variations, not neces- 
sarily or generally supervening at a ^"ery early period of life, 
and being inherited at a corresponding period, we can under- 
stand the great leading facts in Embryology; namcl}", the 
close resemblance in the individual embryo of the parts which 
are homologous, and which when matured become wideh' dif- 
ferent in structure and function ; and the resemblance in allied 
though very distinct species of their homologous parts or 
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organs, though fitted in the adult state for purposes as dificr- 
ent as is possible. Larva? are active embryos, which have 
been specially modified in a greater or less degree in relation 
to their habits of life, with their modifications inherited at a 
corresponding age. On these same principles — and bearing in 
mind that, when organs are reduced in size, either from disuse 
or through natural selection, it will generally be at that period 
of life when the being has to provide for its own wants, and 
bearing in mind how strong is the force of inheritance — the 
occurrence of rudimentary organs miglit even have been anti- 
cipated. The importance of embryological characters and of 
rudimentary organs in classification is intelligible, on the \de\v 
that a natural arrangement must be genealogical. 

Finall}', the several classes of facts which have been con- 
sidered in this chapter, seem to me to proclaim so plainly that 
the innumerable species, genera, and himilics, with which this 
world is peopled, arc all descended, eacli within its own class 
or group, from common parents, and have all been modified in 
the course of descent, that I should Avithout hesitation adopt 
tins view, even if it Avere unsupported by any other facts or 
arguments. 
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CHAPTER XIV. 

r.ECAPITULATIOX AND CONCLUSION, 



Recapitulation of the Objections to the Tlieory of Natural Selection— Recapitulation 
of the General and Special Circumstances in its favor — Causes of the General Be- 
lief in the Immutability of Species— How far the Theory of Natural Selection mnv 
be extended— Effects of its Adoption on the Study of Natural History— Conclud- 
ing Remarks. 



As this ^v]lolc volume is one long argument, it may be con- 
venient to the reader to have the leading facts and inferences 
briefly recapitulated. 

That many and serious objections ma}' be advanced against 
the theory of descent with modification through natural selec- 
tion, I do not deny. I have endeavored to give to them their 
full force. Nothing at first can appear more difficult to be- 
lieve than that the more complex organs and instincts have 
l)oeii perfected, not by means superior to, though analogous 
with, liuinan reason, but by the accumulation of innumerable 
slight variations, each good for the indiHdual possessor. Nev- 
crtliclcss, this difficulty, though appearing to our imagination 
insuperably great, cannot be considered real if we admit the 
following propositions, namely, that all parts of the organiza- 
tion and instincts ofl’er, at least, individual dififerenccs — tliat 
there is a struggle for existence, leading to the preservation of 
profitable deviations of structure or instinct — and, lastly, that 
gradations in the state of perfection of each organ may have 
(‘xisted, each good of^its land. The truth of these propositions 
cannot, I think, be disputed. 

Tt is, no doubt, extremely difliciilt even to conjecture by 
wliat gradations many structures have been perfected, inori‘ 
cs}iecially among broken and failing groups of organic beings, 
which have siillercd much extinction ; but we sec so many 
strange gradations in Nature, that we ought to be extremely 
cautious in saying that any organ or instinct, or the whole 
structure, could not have arrived at its present state by many 
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gnuluiilcd st(‘ps. There are, it must be admitted, eases of 
special diiricull y opposed to the theory of natural selection ; 
and one of the most eurious of lliesc is the existenec of two or 
three defined eastes of workers or sterile female ants in the 
same community ; but 1 have attempted to show how tliese 
dilliculties can be mastered. 

With respect to the almost universal sterility of s])ceics 
when first crossed, which forms so remarkable a contrast with 
the almost universal fertility of varieties when crossed, I must 
refer the reader to the recapitulation of the facts given at tlie 
cud of tlic eighth chapter, which seem to me conclusively to 
show that this sterility is no more a special endowment than 
is the incapacity of two distinct trees to be grafted together; 
l)ut that it is incidental on differences confined to the repro- 
ductive systems of the intercrossed species. We sec the truth 
of this conclusion in the vast difference in tlic results of cross- 
ing the same two species reciprocally — that is, when one 
sj)eeies is first used as the father and then as the motlier : 
analogy from the consideration of dimorphic and triinorphic 
plants clearly leads to the same conclusion, for when the forms 
arc illegitimately united, they yield few or no seed, and their 
offspring arc more or less sterile ; and these forms of the same 
undoubted species differ in no respect from each other except 
in their reproductive organs and functions. 

Although the fertility of varieties when intercrossed and of 
their mongrel offspring has been asserted by so many authors 
to ])e universal, this cannot be considered correct after the facts 
given on the authority of Gartner and Kolreutcr. Xor is the 
very general fertility of varieties, when crossed, surprising, 
when we remember that it is not likely that their rc[)rodnctive 
systems should have been profoundly modified. Moreover, 
most of the varieties which have been experimented on have 
been produced under domestication ; and as domestication ([ 
do not mean mere confinement) almost certainly tends to elim- 
inate sterility, we ought not to expect it also to ]>rodnce 
sterility. 

The sterility of hybrids is a different case from that of a 
first cross, for the reproductive organs of hybrids arc more or 
less functionally impotent ; whereas in first crosses, the organs 
of both species arc of course in a perfect condition. As we 
eontimially see that organisms of all kinds arc rendered in 
•some degree sterile from being exposed to slightly-changed 
conditions, we need not feel surprise at hybrids being in some 
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ik'grcc sterile, for their constitutions can hardly fail to be dis- 
turbed from being compounded of two distinct organizations ; 
Imt wliethcr this is the true cause of their sterility I will not 
pretend to decide. Tlie above parallelism is supported by 
another parallel, but directly opposite, class of facts, namely, 
that the vigor and fertility of all organic beings are increased 
by slight changes in their conditions of life, and that the 
oifspring of slightly-modified forms or varieties when crossed 
acquire increased vigor and fertility. So that, on the one 
hand, a considerable change in the conditions of life and crosses 
between greatly-modified forms, lessen fertility ; and, on the 
other hand, lesser changes in the conditions of life and crosses 
between less-modified forms, increase fertility. 

Turning to geographical distribution, the difficulties en- 
countered on the theory of descent with modification are seri- 
ous enough. All the individuals of the same species, and all 
the siiccics of the same genus, or even higher group, must have 
descended from common parents; and therefore, in however 
distant and isolated parts of the world they may now be found, 
they must in the course of successive generations have travelled 
fi’om some one point to all the others. We arc often wholly 
unable even to conjecture how this could have been effected. 
Yet, as we have reason to believe that some species have 
retained the same specific form for very long periods of time, 
immensely long as measured by years, too much stress ought 
not to be laid on the occasional wide diffusion of the same spe- 
cies ; for during very long ])criods there will always be a good 
chance for wide migration by many means. A broken or in- 
terrupted range may often be accounted for by the extinction 
of the species in the intermediate regions. It cannot be de- 
nied that Ave are as }xt very ignorant of the full extent of the 
various climatal and geographical changes Avliich have allccted 
the earth during modern periods; and such changes may obvi- 
ously have facilitated migration. As an cxam]ilc, I have at- 
tempted to show how potent has been the influence of the 
Glacial period on the distribution of the same and of allied 
species throughout the Avorld. We arc as yet profoundly 
ignorant of the many occasional means of transport. With 
respect to distinct species of the same genus inhabiting distant 
and isolated regions, as the process of modification has neces- 
sarily ])ecn slow, all the means of migration Avill have been 
possible during a very long period ; and consequently the 
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dillicult}' of the wide difTusion of llic species of tlic same genus 
is ill some degree lessened. 

As according to the theory of natural selection an intcrnii- 
uablc number , of iutennediate forms must have existed, linking 
together all the species in each group by gradations as fine as 
are onr present \arieties, it may be asked, Why do we not 
sec these linking forms all around us ? ^Vhy are not all organ- 
ic beings blended together in an inextricable chaos ? With 
resiiect to existing forms, wo should remember that we have 
no riglit to cxjiect (excepting in rare cases) to discover 
connecting links between them, but only between each and 
some extinct and suiijdantcd form. Even on a wide area, 
which has during a long period remained continuous, and of 
which the climate and other conditions of life change insensibly 
in ])roccctling from a district occu])ied by one species into 
another district occujiied by a closely-allied species, we have 
no just right to cxjiect often to find intermediate varieties in 
the intermediate zone. For we have reason to believe that 
only a few species of a genus ever undergo change ; the other 
species becoming utterly extinct and leaving no modified pro- 
geny. Of the s|)ccies which do change, only a few within the 
same country change at the same time ; and all modifications 
arc slowly ellectcd, I have also shown that the intermediate 
varieties which probably at first existed in the intermediate 
zones, would be liable to be sujiplantcd by the allied forms on 
either hand; for the latter, from existing in greater numbers, 
would generally be modified and improved at a quicker rate 
than the intermediate varieties, which existed in lesser num- 
bers ; so that the intermediate varieties would, in the long- 
run, be supifiantcd and exterminated. 

On this doctrine of the extermination of an infinitude of 
connecting links, between the living and extinct inhabitants 
of the world, and at each successive period between tlie ex- 
tinct and still older species, why is not every geological forma- 
tion charged with such links ? Why docs not every collection 
of fossil remains atford plain evidence of the gradation and 
mutation of the forms of life ? Although geological research 
has undoubtedly revealed the former existence of many links, 
!)ringing numerous forms of life much closer together, it docs 
not yield the infinitely many fine gradations between past and 
present species required on the theory ; and this is the most 
obvious of the many objections Avhich may be urged against it. 
Why, again, do whole groups of allied species apjicar, though 
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this appearance is often false, to liave come in suddenly on the 
successive geological stages ? Although we now know that 
organic beings appeared on this globe, at a period incalculably 
remote, long before the loAvest bed of the Cambrian system was 
dc})Osited, why do we not find beneath this system great piles of 
strata stored with the remains of the progenitors of the Cam- 
brian fossils? For on the theory such strata must somewhere 
have been deposited at these ancient and utterly unknown 
epochs in the world’s history. 

I can answer these ciuestions and objections onl}' on the 
supposition that the geological record is far more imperfect 
than most geologists believe, llie number of s]x3cimcns in all 
our museums is absolutely as nothing compared ^vith the 
countless generations of countless species which have certainly 
existed. The parent-form of any two or more sixjcies would 
not be in all its characters directly intermediate between its 
modified oflspring, any more than the rock-]iigeon is directly 
intermediate in crop and tail between its descendants the 
pouter and fiintail pigeons. We should not be able to recog- 
nize a sj^ccics as the ]xarcnt of another and modified species, if 
we were to examine both ever so closely, unless we jxDssessed 
most of the intermediate links ; and owing to the imperfection 
of the geological record, we have no just right to expect to 
find so many links. If two or three, or even more linking 
forms were discovered, they would simply be ranked as so 
many new species, more especially if found in difTcrent geolo- 
gical sub-stages, let their differences be ever so slight. Nu- 
merous existing doubtful forms could be named which are prob- 
ably varieties ; but who will pretend that in future ages so 
many fossil links will be discovered, that naturalists will be 
able to decide whether or not these doubtful fonns ought to be 
called varieties ? Only a small portion of the world has been 
geologically explored. Only organic beings of certain classes 
can be iircservcd in a fossil condition, at least in any great 
number. !Many species when once formed never undergo any 
further change, but become extinct without leaving moililied 
(h'seendants ; and the ])criods, during which species have un- 
dergone modification, tlioiigh long as measured by years, have 
])robably been short in comparison with the periods during 
which they have retained the same fonn. It is the dominant 
and widely-ranging s])ccies which vary most frequently and vaiy 
most, and varieties are often at first local — both causes render- 
ing the discovery of intermediate links in any one formation 
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less likely. Local varieties will not spread into otlier and dis- 
tant regions until they arc considerably modified and improved ; 
and when they have spread, and are discovered in a geological 
formation, they >vill ap])car as if suddenly created there, and 
will be simply classed as new species. Most formations have 
been intermittent in their accumulation; and their duration 
has jirobably been shorter than the average duration of spe- 
cific forms. Successive formations are in most cases separated 
from each other by. blank intervals of time of great length; for 
fossiliferous formations thick enough to resist futiii’e degrada- 
tion can as a general rule be accumulated only where much 
sediment is deposited on the subsiding bc.d of the sea. During 
the alternate periods of elevation and of stationary level the 
record will generally be blank. During these latter periods 
there will probably be more variability in the forms of life ; 
during periods of subsidence, more extinction. 

^Vith respect to the absence of strata rich in fossils beneath 
the Cambrian formation, I can recur only to the hypotliesis 
given in the ninth chajiter. That the geological record is im- 
])erfcct all will admit; but that it is imperfect to the degree re- 
quired by our theory, few will be inclined to admit. If wc 
look to long-enough intervals of time, geology plainly declares 
that species have all changed; and they have changed in the 
manner required, for they have changed slowly and in a grad- 
uated manner. We clearly sec this in the fossil remains from 
consecutive formations invariably being much more closely re- 
lated to each other than arc the fossils from widely-separated 
formations. 

Such is tlie sum of the several chief objections and dillicul- 
tics which may justly be urged against the theory ; and 1 have 
now briefly recapitulated the answers and explanations ^vhieh 
can be given. I have felt these diniculties far too heavil}' dur- 
ing many years to doubt their weight. Jjut it deserves espe- 
cial notice that the more important objections relate to ques- 
tions on which wc are confessedly ignorant ; nor do wc know 
how ignorant wc arc. Wc do not know all the possible tran- 
sitional gradations between the simplest and the most perfect 
organs; it cannot be jiretendcd that we know all the varied 
m(‘ans of Distribution during the long hq^sc of years, or that 
we know how imperfect the Geological llecord is. kferious as 
tliesc several objections are, in my judgment they arc not 
sufllcicnt to overthrow the theory of descent with subsequent 
modification. 
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Now Ictus tuni to llic other side of the argument. Under 
domestication we see mueh variability, caused, or at least ex- 
cited, by changed conditions of life. This variability is gov- 
erned by many coinjdcx laws — by correlation, by use and dis- 
use, and b}" the definite action of the surrounding conditions. 
There is much difficulty in ascertaining how largely our do- 
mestic productions have been modified ; but we may safely in- 
fer that the amount has been large, and that modifications can 
lie inherited for long periods. As long as the conditions of 
life remain the same, avc have reason to believe that a modifi- 
cation, which has already been inherited for many generations, 
may continue to be inherited for an almost infinite number of 
generations. On the other hand, we have evidence that vari- 
ability, when it has once come into play, does not cease under 
domestication for a ver}^ long period; for new varieties arc 
still occasionally produced by our oldest domesticated produc- 
tions, 

Man docs not actually produce variability ; he only unin- 
tentionally exposes organic beings to new conditions of life, 
and then Nature acts on the organization, and causes .variabil- 
ity. But man can and docs select the variations given to him 
by' Nature, and thus accumulate them in anj' desired manner, 
lie thus adai^ts animals and plants for his own benefit or 
])leasure. He may do this methodically, or he may do it un- 
consciously, by preserving the individuals most useful or pleas- 
ing to hiin without any intention of altering the breed. It is 
certain that he can largely influence the character of a breed 
b}' selecting, in each successive generation, individual difl'er- 
enccs so slight as to be inapi)rcciablc except by an educated 
eye. This process of selection has been the great agency in 
the formation of the most distinct and useful domestic breeds. 
That many breeds produced by man have to a large extent the 
character of natural sjiccics, is shown by the inextricable 
doubts wlicthcr many of them are varieties or aboriginally dis- 
tinct species. 

There is no obvious reason why the principles which have 
acted so cnicicntl}' under domestication should not act under 
Nature. In the surviv'al of favored individuals and races, dur- 
ing the constantly-rccurrent Struggle for Existence, we see a 
])owerfuI and cv'cr-acting form of Selection. The struggle for 
(wistcncc inevitably^ follows from the high geometrical ratio ot 
increase which is common to all organic beings. This high 
rate of increase is prov'cd by calculation — by the ra]id increase 
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of many animals and plants during a succession of peculiar 
seasons, and when naturalized in a new country. More indi- 
viduals arc born than can ])ossibly survive. A grain in the 
balance may determine which individuals shall live and wliich 
shall die — wliich variety or species shall increase in number, 
and which shall decrease, or Unally become extinct. As the 
individuals of the same species come in all respects into the 
closest competition with eacli other, the struggle ^^^ll gener- 
ally be most severe between them ; it will be almost equally 
severe between the varieties of the same species, and next in 
severity between the species of the same genus. On the other 
liand, tlie struggle will often be very severe between beings re- 
mote in the scale of nature. Tlie slightest advantage in cer- 
tain individuals, at any age or during any season, over those 
with which they come into competition, or better adaptation 
in however slight a degree to the surrounding physical condi- 
tions, will turn the balance. 

With animals having separated sexes there will be in most 
cases a struggle between the males for the possession of the 
females. The most vigorous males, or those which have most 
successfully struggled with their conditions of life, will gener- 
ally leave most progeny. But success will often depend on 
the males having special weapons, or means of defence, or 
charms ; and a slight advantage will lead to victory. 

As geology plainly proclaims that each land has under- 
gone great physical changes, we might have exj)ected to find 
that organic beings have varied under Nature, in the same way 
as they have varied under domestication. And if there be any 
variability under Nature, it would be an unaccountable fact if 
natural selection did not come into play. It has often been 
asserted, but the assertion is incapable of proof, that the 
amount of variation under Nature is a strictly limited cpiantity. 
3Ian, though acting on external characters alone and often 
(‘ajiriciously, can produce within a short period a great result 
by adding u]> mere individual diirerenccs in his domestic pro- 
ductions; and every one admits that species ])rcsent individual 
dilh'rcnces. But, l)esid('s such diircrcnces, all naturalists admit 
that varieties exist, which arc considered sulliciently distinct 
to be worthy of record in systematic works. No one has 
drawn any clear distinction between individual dillerences and 
slight varieties ; or between more idainly-inarked varicti(*s 
and sub-sj)ecies, and species. On separate continents, and on 
diircrent parts of the same continent when divided b}" barriers 
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of any kind, and on outljdng islands, 'vvhat a multitude of 
forms exist, which sonic experienced naturalists rank as vari- 
eties, others as gco^rajdiical races or sub-species, and others 
as distinct thougli closely-allied species ! 

If, then, animals and plants do vary, let it be ever so little 
or so slowl}", why should we doubt that the variations or in- 
dividual ditl'erenccs, which arc in any way beneficial, would be 
])rcservcd and accumulated through natural selection, or the 
survival of the fittest ? If man can by patience select varia- 
tions useful to him, wh}% under changing and complex condi- 
tions of life, should not variations useful to Nature’s living 
]iroducts often arise, and be preserved or selected ? What 
limit can be put to this power, acting during long ages and 
rigidly scrutinizing the whole constitution, structure, and 
habits of each creature — favoring the good and rejecting the 
bad? I can see no limit to this power, in slowly and beauti- 
fully adapting each form to the most complex relations of life. 
The theory of natural selection, even if -we looked no further 
than this, seems to me to be in itself probable. I have already 
recajiitulatcd, as fairly as I could, the opposed difficulties and 
objections : now let us turn to the special facts and arguments 
in favor of the thcor}'. 

On the view that species arc only strongly-marked and 
permanent varieties, and that each species first existed as a 
variety, we ean see why it is that no line of demarcation can 
be drawn between species, commonly supposed to have been 
produced by special acts of creation, and varieties which arc 
acknowledged to have been produced by secondaiy laws. On 
this same view we can understand how it is that in each region 
where man}^ species of a genus have been produced, and where 
they now tlourish, these same species should present many 
varieties ; for where the manufactory of sjiecies has been 
active, we might expect, as a general rule, to find it still in 
action ; and this is the case if varieties be incipient species, 
^loreover, the species of the larger genera, Avliicli afford the 
greater number of varieties or incipient species, retain to a 
certain degree the character of varieties; for they differ from 
each other by a less amount of dilference than do the species 
of smaller geiu'ra. The closely-allied species also of the larger 
genera ap])arently have restricted ranges, and in their affinities 
they arc clustered in little groups round other species — in both 
of which respects they resemble varieties. These arc strange 
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relations on the view that cacli species was intle]ienclently 
created, but arc intelligible if each existed first as a variety. 

As each species tends by its geometrical ratio of reproduc- 
tion to increase inordinately in number ; and as the modified 
descendants of each species will be enabled to increase by so 
much the more as they become diversified in habits and struct- 
ure, so as to be enabled to seize on many and widely dill'ercnt 
]daecs in the economy of Nature, there will be a constant ten- 
dency ill natural selection to jircserve the most divergent ofl- 
spring of any one species. Hence, during a long-continued 
course of modification, the slight dilfcrenccs, characteristic of 
varieties of the same species, tend to be augmented into the 
greater dilTerenccs characteristic of the species of the same 
genus. New and improved varieties will inevitably supplant 
and exterminate the older, less improved, and intermediate 
varieties ; and thus species arc rendered to a large extent de- 
fined and distinct objects. Dominant species belonging to the 
larger gronjis within each class tend to give birth to new and 
dominant forms ; so that each large group tends to become 
still larger, and at the same time more divergent in character. 
Hut as all groups cannot thus succeed in increasing in size, for 
the world would not hold them, tha more dominant groups 
beat the less dominant. This tcndcnc}^ in the large groups to 
go on increasing in size and diverging in chinacter, together 
with tlie almost inevitable contingency of much extinction, ex- 
plains the arrangement of all the forms of life, in groups sub- 
ordinate to groiijis, all within a few great classes, which has 
prevailed throughout all time. This grand fact of the grou|> 
ing of all organic beings under what is called the Natural 
Syslcin, is uttcrl 3 " inexjdicablc on the theory of creation. 

As natural selection Jicts solely b}^ accumulating slight, 
successive, favorable variations, it can produce no great or sud- 
den modification ; it can act oiih' by short and slow steps. 
Hence the canon of “ Natura non facit saltum,” which cvciy 
fresh addition to our knowledge tends to make truer, is on 
this theorv intelligible. ^V’^e can see wly throughout Natiinr 
the same general (muI is gained by an almost inlinite diversity 
of means ; for ever}" jicculiarit}^ when once acquired is long 
inherited, and structures alread}' diversified in many wavs 
have to be adajited for the same gimcral purpose'. AVe can, 
in short, see wliv Nature is ]»rodigal in varietv, though nig- 
gard in innovation. 15ut whv this should be a law of Nature 
if each species had been independently created, no man can 
cxjilain. 
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Many otlicr facts are, as it seems to me, explicable on this 
theory. How strange it is that a bird, under the form of 
wood])ccker, should have been created to prey on insects on 
the ground ; that upland geese, which never or rarely swim, 
should have been created with webbed feet ; that a thrush- 
like bird should have been created to dive and feed on sub- 
aquatic insects ; and that a petrel should have been created 
with the habits and structure fitting it for the life of an auk ! 
— and so in endless other cases. But, on the view of each 
species constantly trying to increase in number, with natural 
selection alwaj^s ready to adapt the slowly-varpng descend- 
ants of each to any unoccupied or ill-occujiicd place in Nature, 
these facts cease to be strange, or might even have been an- 
ticipated. 

We can understand how it is that such harmonious beauty 
generally prevails throughout Nature. That there are except 
lions according to our ideas of beauty, no one will doubt who 
will look at some of the venomous snakes, at some fish, and at 
certain hideous bats with a distorted resemblance to the hu- 
man face. Sexual selection has given the most brilliant colors 
and other ornaments to the males, but sometimes to both sexes 
of many birds, butterflies, and a few other animals. AVith 
birds it has often rendered the voice of the male musical to the 
female, as well as to our cars. Flowers and fruit have been 
rendered conspicuous by gaudy colors in contrast with the 
green foliage, in order that the flowers might be easily seen, 
visited, and fertilized by insects, and the seeds disseminated 
by birds. Lastly, some living objects have become beautiful 
through mere symmetry of growth. 

As natural selection acts by competition, it renders the in- 
habitants of each country perfect only in relation to the other 
inhabitants ; so that we need feel no surprise at the species of 
any one country, although on the ordinary view suj^posed to 
have been created aiul specially adapted for that country, 
being Ijcateii and supplanted by' the naturalized productions 
from another land. Nor ought we to marvel if all the contriv- 
ances in Nature be not, as far as we can judge, absolutely per- 
fect ; and if some of them be abhorrent to our ideas of fitness. 
We need not marvel at the sting of the bee when used against 
an enemy often causing the bee’s own death ; at drones being 
j>rodueed in such great nuinbers for one single act, and being 
then slaughtered by their sterile sisters; at the astonishing 
waste of pollen by our fir-trccs ; at the instinctive hatred of 
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the queen bee for her own fertile daughters ; at iehncinnonidic 
feeding witliin the living bodies of caterpillars; and at other 
sueli cases. The wonder indeed is, on the theory of natural 
selection, tliat more ciises of the want of absolute perfection 
have not been observed. 

The complex and little-known laws governing acknowl- 
edged variations arc the same, as far as we can see, with the 
laws which have governed the production of so-called specific 
dilVcrcnccs. In both cases physical conditions seem to have 
])roduccd some direct and dciinite clfcct, but how much we 
cannot say. Thus when varieties enter any new station, they 
occasionally assume some of the characters proper to the spe- 
cies of that station. In l>oth varieties and species, use and dis- 
use seem to have produced a considerable effect ; for it is im- 
possible to resist this conclusion when we look, for instance, 
at the logger-headed duck, which has wings incapable of flight, 
in nearly the same condition as in the domestic duck; or when 
we look at the burrowing tucutucii, vrhich is occasionally 
blind, and then at certain moles, which arc habitually blind 
and have their eyes covered with skin ; or when wc look at 
the blind animals inhabiting the dark caves of America and 
Euro]ic. In varieties and species correlated variation seems to 
have played an important part, so that when one part has 
been modified other parts have been necessarily modilied. In 
both varieties and species reversions to long-lost characters oc- 
cur. How inexplicable on the theory of creation is the occa- 
sional appearance of stripes on the slioulders and legs of the 
several species of the horse-genus and of their hybrids ! IIow 
siin])ly is this fact explained if wc believe that these sjKTies 
arc all descended from a striped progenitor, in the same man- 
ner as the several domestic breeds of the pigeon are descended 
from the blue and barred rock-jngeon ! 

On tlic ordinary view of each species having been indc- 
jicndently created, why should the specific characters, or those 
by which the species of the same genus diflcr from eacli other, 
be more variable than the generic characters in which they all 
agree? Why, for instance, should tlic color of a flower be 
more likely to vary in any one species of a genus, if the other 
s])(‘cics, supposed to have been created independently, have 
differently-colored flowers, than if all the species of the genus 
have the same colored flowers? If sj)ccics are only well- 
marked varieties, of which the eharacters have become in a 
high degree permanent, wc can understand this fact ; for they 
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Iinve already varied sinee they branehed off from a common 
progenitor in certain eliaracters, b}' which they have come to 
be speeifically distinct from each other ; therefore these same 
characters would be more likely again to vary than the generic 
characters which have been inherited without change for an 
enormous period. It is inexplicable on the theory of creation 
why a part developed in a ver}^ unusual manner in any one 
species of a genus, and therefore, as we may naturally infer, 
of great importance to that species, should be eminently liable 
to variation ; but, on our view, this part has undergone, since 
the several species branched off from a common progenitor, an 
unusual amount of A'ariability and modification, and therefore 
we might expect the part generally io be still variable. But 
a ]iart may be developed in the most unusual manner, like the 
wing of a bat, and yet not be more variable than nny othei 
structure, if the part be common to many subordinate forms, 
that is, if it has been inherited for a very long period ; for in 
this case it will have been rendered constant by long-continued 
natural selection. 

Glancing at instincts, marvellous as some are, they offer no 
greater difiiculty than does corporeal structure on the theory of 
the natural selection of successive, slight, but profitable modi- 
fications. We can thus understand why Nature moves by 
graduated steps in endowing different animals of the same 
class with their several instincts. I have attempted to show 
how much light the principle of gradation throws on the ad- 
mirable architectural powers of the hive-bee. Habit no doubt 
sometimes comes into play in modifying instincts ; but it ccr- 
taiiify is not indispensable, as we see in the case of neuter in- 
sects, which leave no progeny to inherit the effects of long- 
continued habit. On the view of all the species of the same 
genus having descended from a common parent, and having in- 
herited much in common, we can understand how it is that 
allied species, when placed under Avidefy-different condiliotis 
of life, yet follow nearly the same instincts; why the thrushe.s 
of tropical and temperate South America, for instance, line 
their nests Avith mud like our British species. On the Anew of 
instincts having been sloAvly accpiired through natural selec- 
tion, Ave need not maiwcl at some instincts being aj^parently 
not ])crfcct and liable to mistakes, and at many instincts caus- 
ing other animals to suffer. 

If s]K*cies be only A\*ell-markcd and permanent A arietics, avo 
can at once see aaIi}" their crossed offsjiriiig should follow the 
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same complex laws in their degrees and kinds of rosemblanee 
to their parents — in being absorbed into each other by suc- 
cessive crosses, and in other such points — as do the crossed 
ollspring of acknowledged varieties. This similarity would be 
a strange fact, if s])ccics have been independently created and 
varieties have been produced tlirongh secondary laws. 

If we admit that the geological record is imperfect in an 
extreme degree, then the facts, which the record docs give, 
strongly support the theory of descent with modification. 
Kew sjjccies have come on the stage slowlj^ and at successive 
intervals ; and the amount of change, after equal intervals of 
time, is widely different in different groups. TJic extinction 
of species and of wliolc groups of sjiccics, which has played so 
conspicuous a part in the history of the organic world, almost 
inevitably follows from the princij}le of natural selection ; for 
old forms are supplanted liy new and improved forms. Neither 
single species nor groiqis of sjiecics reappear when the chain 
of ordinary generation is once broken. The gradual diffusion 
of dominant forms, with the slow modification of their descend- 
ants, causes the forms of life, after long intervals of time, to 
appear as if they had changed simultaneously tliroughout the 
world. The fact of the fossil remains of cacli formation being 
in some degree intermediate in character between the fossils 
in the formations above and below, is simjily explained by 
their intermediate position in the cliain of descent. The grand 
fact tliat all extinct beings can be classed with all recent 
beings, naturally follows from the living and the extinct being 
the offs]iring of common parents. As species have generally 
diverged in character during their long course of descent and 
modification, we can understand why it is that the more an- 
cient forms of early progenitors of each group so often occu- 
py a position in some degree intermediate between existing 
groups. Itecent forms arc generally looked at as being, on 
the whole, higlicr in the scale of organization than ancient 
forms; and they must be higher, in so far as the later and 
more improved forms have conquered the older and less iin- 
prov<'d forms in the struggle of life; the}" have also generally 
liad their organs more specialized for different functions. This 
fact is perf(‘ctly compatible with numerous beings still retain- 
ing sim|)le and but little improved structures, fitted for simple 
conditions of life ; it is likewise compatible with some forms 
ha\dng retrograded in organization, by having become at each 
stage of descent better fitted for changed and degraded habits 
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of life. Lastly', the wonderful law of the long endurance of 
allied forms on the same continent — of marsn])ials in Australia, 
of edentata in America, and other such cases — is intelligible, 
for generally within tho same country the existing and the ex- 
tinct will be closely allied by descent. 

Looking to geographical distribution, if wc admit that 
there has been during the long course of ages much migration 
from one part of the world to another, owing to former clima- 
tal and geographical changes and to the many occasional and 
unknown means of dispersal, then we can understand, on the 
theory of descent \\dth modilication, most of the great leading 
facts in Distribution. Wc can see why there should be so 
striking a parallelism in the distribution of organic beings 
throughout space, and in their geological succession through- 
out time ; for in both cases the beings have been connected by 
the bond of ordinary generation, and the means of modifica- 
tion have been the same. We see the full meaning of the 
wonderful fact, which has struck every traveller, namely, that 
on the same continent, under the most diverse conditions, 
under heat and cold, on mountain and lowland, on deserts and 
marshes, most of the inhabitants within each great class arc 
plainly related; for they are the descendants of the same pro- 
genitors and early colonists. On this same principle of former 
migration, combined in most cases with modification, wc can 
understand, by the aid of the Glacial period, the identity of 
some few plants, and the close alliance of many others, on the 
most distant mountains, and in the northern and southern tem- 
perate zones ; and lil^ewisc the close alliance of some of the 
inhabitants of the sea in the northern and southern temperate 
latitudes, though separated by the whole intertropical ocean. 
Although two countries may present physical conditions as 
closely similar as the same species ever require, we need feel 
no surprise at their inhabitants being widely ditferent, if they 
have been for a long period completely sundered from each 
other; for, as the relation of organism to organism is the most 
important of all relations, and as the two countries will have 
received colonists at various periods and in different propor- 
tions, from some other country or from each other, the course 
of modification in the two areas will inevitably have been dif- 
ferent. 

On this view of migration, with subsequent modification, 
we sec why oceanic islands arc inhabited by only few species, 
but of these, why many are peculiar or endemic forms. AVc 
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clearly sec \vliy species belonging to those groups of animals 
which cannot cross wide spaces of the ocean, as frogs and ter- 
restrial inannnals, do not inhabit oceanic islands ; and why, on 
the* other hand, new and peculiar species of bats,, animals 
which can travei'sc the ocean, are so often found on islands far 
distant from any continent. Such cases as the preseiiee of pe- 
culiar species of bats on oceanic islands, and the absence of 
all other terrestrial mammals, arc facts utterly inexplicable on 
tlic theory of independent acts of creation, 

Tlic existence of closely-allied or representative species in 
any two areas, implies, on the theory of descent with modifica- 
tion, that the same parent-forms formerly ’ inhabited both 
areas; ami we almost invariably find that, wherever many 
closely-allied sj)ecies inhabit two areas, some identical species 
arc still common to both. Wherever many closely-allied yet 
distinct species occur, doubtful forms and varieties belonging 
to tlic same groups likewise occur. It is a rule of high gener- 
ality that the inhabitants of each area arc related to the inhabi- 
tants of the nearest source whence immigrants might have 
been derived. We sec this in the striking relation of nearly 
all the plants and animals of the Galapagos archipelago, of 
Juan Fernandez, and of the other American islands, to the 
plants and animals of the neighboring American main-land ; and 
of those of the Cape dc Verde archipelago and of the other 
African islands to the African main-land. It must be admitted 
that these facts receive no explanation on the theory" of crea- 
tion. 

The fact, as we have seen, that all past and present organ- 
ic beings can be arranged Avithin a few great classes, in groups 
subordinate to groups, and with the extinct groups often fall- 
ing in between the recent groups, is intelligible on the theory 
of natural selection with its contingencies of extinction and 
divergence of character. On these same principles we see how 
it is that the mutual aflinities of the forms Avithin each class 
are so complex and circuitous. We sec Avhy certain charac- 
ters are far more serviceable than others for classification — 
Avhy adajitiA'C characters, though of paramount importance to 
the b(*ings, are of hardly any importance in classification; 
Avhy charact(Ts deriA’cd from rudimentary ]>arts, though of no 
service to the beings, arc often of high classilicatory A’aluc ; 
and Avhy embryological charactei*s arc often the most valuable 
of all. The real aflinities of all organic beings, in contradis- 
tinction to their adaptive resemblances, arc due to inheritance 
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or coininunity of descent. The Natural System is a genealo- 
gical arrangemeiit, with the acquired grades of ditfercnce, 
marked by the terms, varieties, species, genera, families, etc. ; 
and we I*avc to discover the lines of descent by the most per- 
manent characters, whatever they may be and of however slight 
vital importance. 

The singular framework of bones in the hand of a man, 
wing of a bat, fin of tlie porpoise, and leg of the horse — the same 
number of vertebrae forming the neck of the giraffe and of the 
elephant — and innumerable otlicr such facts, at once explain 
themselves on the theory of descent with slow and slight suc- 
cessive modifications. The similarity of pattern in the wing 
and in the leg of a bat, though used for such different purpose 
— in the jaws and legs of a crab— in the petals, stamens, and 
pistils of a flower — is likewise intelligible on the view of the 
gradual modification of parts or organs, which were aborigi- 
nally alike in an early progenitor in each of these classes, Orr 
the principle of successive variations not always supervening at 
an early age, and being inherited at a corresponding not early 
period of life, we clearly see Avhy the embryos of mammals, 
birds, reptiles, and fishes, arc so closely similar, and so unlike 
the adult forms. We may cease marvelling at the embryo of 
an air-breathing mammal or bird having branchial slits and 
arteries running in loops, like those of a fish which has to 
breathe air dissolved in water by the aid of wcll-dcvclopcd 
branchirc. 

Disuse, aided sometimes by natural selection, has often 
reduced organs when they have become useless under changed 
habits or conditions of life ; and we can clearly understand on 
this vfew the meaning of rudimentary organs. But disuse and 
selection will gcnerall}" act on each creature, when it has come 
to maturity and has to play its full part in the struggle for ex- 
istence, and will thus have little power on an organ during 
early life ; hence the organ will not be reduced or rendered 
rudimentary at this early age. The calf, for instance, has in- 
herited teeth, which never cut through the gums of the upper 
jaw, from an early progenitor having well-developed teeth ; 
and we may believe, that the teeth in the mature animal were 
reduced, during successive generations, by disuse, or by the 
tongue and palate, or lips, ha\dng become better fitted by 
natural selection to browse without their aid ; whereas in the 
calf, tlie teeth have been left untouched by selection or disuse, 
and on tlie principle of inheritance at corresponding ages have 
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been inherited from a remote period to the present day. On 
the view of each organic being with all its separate parts hav- 
ing been sj^ccially created, how utterly inexplicable it is that 
organs bearing the plain stamj) of inutility, such as the teeth in 
the embryonic calf or tlic shrivelled wings under the soldered 
wing-covers of man}^ beetles, should so frequently occur ! Na- 
ture may be said to have taken pains to reveal her schenie of 
modification, by means of rndimentar}" organs, embrj^ological 
and homologous structures, but we wilfully will not understand 
the scheme. 

I have now recapitulated the facts and considerations 
which have thoroughly convinced me that species have been 
modified, during a Jong course of descent, chiefly through the 
natural selection of numerous successive, slight, favorable va- 
riations. I cannot believe that a false theoiy would explain, 
as it seems to me that the theory of natural selection docs ex- 
plain, the several large classes of facts above specified. It is 
no valid objection that science as yet throws no light on the 
far higher problem of the essence or origin of life. Who can 
explain what is the essence of the attraction of gravity ? No 
one now objects to following out the results consequent on 
this unknown element of attraction ; notwithstanding that 
Leibnitz formerly accused Newton of introducing ‘‘ occult 
qualities and miracles into philosophy.” 

I see no good reason why the views given in this volume 
should shock the religious feelings of any one. It is satisfiic- 
toiy, as showing how transient such inqircssions are, to remem- 
ber that the greatest discovery ever made by man, namely, the 
law of the attraction of gravity, was also attacked by T.eil)uitz, 
“as subversive of natural and inferentially of revealed reli- 
gion.” A celebrated author and divine has written to me that 
“ he has gradually learned to see that it is just as noble a con- 
ccjition of the Deity to believe that lie created a few original 
forms capable of self-development into other and needful 
forms, as to believe that lie required a fresh act of creation to 
su])])ly the voids caused by the action of His laws.” 

Wdiy, it may be asked, until recently did m^arly all the 
most eminent living naturalists and geologists reject this view 
of the mutability of species. It cannot be asserted that 
organic beings in a state of nature arc subject to no variation ; 
it cannot be jirovcd that the amount of variation in the course 
of long ages is a limited quantity ; no clear distinction has 
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been, or can be, drawn between species and well-marked varie- 
ties. It cannot be maintained tliat species when intercrossed 
are invariably sterile, and varieties invariably fertile ; or that 
sterility is a special endowment and sign of creation. The be- 
lief that species were immutable productions was almost una- 
voidable as long as the history of the world was thought to be 
of short iliiration ; and now that we have acquired some idea 
of the lapse of time, we arc too apt to assume, without proof, 
that the geological record is so perfect that it would have 
a Horded us plain c^'idcncc of the mutation of species, if they 
had undergone mutation. 

But the chief cause of our natural unwillingness to admit 
that one species has given birth to other and distinct species, 
is, that we are always slow in admitting any great change of 
which we do not sec the steps. The diffic\ilty is the same as 
that felt by so many geologists, when Lyell first insisted that 
long lines of inland dills had been formed, and great valleys 
exeavated, by the agencies which we see still at work. The 
mind cannot possibly grasp the full meaning of the term of 
even ten million years ; it cannot add up and perceive the full 
elTects of many slight variations, accumulated during an almost 
infinite number of generations. 

Although I am fully convinced of the tnith of the views 
given in this volume under the fonn of an abstract, I b}” no 
means expect to convince experienced naturalists whose minds 
arc stocked with a multitude of fiicts all viewed, during a long 
course of years, from a point of view directly opposite to mine. 
It is so easy to hide our ignorance under such expressions as 
tlic “ plan of creation-,” “ unity of design,” etc., and to think 
that ^vc give an explanation when we only restate a fiict ! 
Any one whose disj^osition leads him to attach more weight 
to unexjdained dillicultics than to the explanation of a certain 
number of facts, will ccrtainl}^ reject the theory. A few natu- 
ralists, endowed with much Ilexibility of mind, and wlio have 
already begun to doubt the immutability of species, may bo 
influenced by this volume ; but I look with confidence to the 
future, to young and rising naturalists, who will be able to 
view both sides of the question with impartiality. AVhoever 
is led to believe that species are mutable will do good service 
by conscientiously expressing his conviction ; for thus only 
can the load of iwciudicc bv wliich this subiect is overwhehned 
be removed. 

Several eminent naturalists have of late published their 
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belief that a multitude of reputed species in each genus arc 
not real species ; l)ut that other species are real, that is, have 
been iiKlcjiciidcntly created. This seems to me a strange con-' 
elusion to arrive at. The}’’ admit that a multitude of forms, 
which till lately they themselves thought were special crea- 
tions, and which arc still thus looked at by the majority of 
naturalists, and which consequently have all the external char- 
acteristic features of true species — they admit that these have 
been produced by variation, but they refuse to extend the 
same view to other and slight ly-different forms. Nevertheless 
tlicy do not pretend that they can define, or even conjecture, 
wliich are the created forms of life, and which are those pro- 
duced by secondary laws. Tlicy admit variation as a vera 
causa in one case, they arbitrarily reject it in another, without 
assigning any distinction in the two cases. The day will come 
when this will be given as a curious illustration of the blind- 
ness of preconceived opinion. These authors seem no more 
startled at a miraculous act of creation than at an ordinary 
birth. But do they really believe that at innumerable periods 
in the earth’s history certain elemental atoms have been com- 
manded suddenly to flash into living tissues ? Do they believe 
that at each supposed act of creation one individual 6r many 
were ]iroduccd ? AA^’crc all the infinitcly-numerous kinds of 
animals and ])lants created as eggs or seed, or as full growm ? 
and, in the case of mammals, were they created bearing the 
false marks of nourishment from the mother’s womb? Un- 
doubtedly these same questions cannot be answered by those 
who believe in the appearance or creation of only a few forms 
of life, or of some one form alone. It has been maintained by 
.several authors that it is as easy to believe in the creation of 
a hundred million beings as of one ; but Maupertuis’s ])hil<> 
.sophical axiom of least action” leads the mind more willing- 
ly to admit the smaller number; and certainly we ought not 
to believe that innumerable beings within each great class 
have been created with plain, but deceptive, marks of descent 
from a single parent. 

It may be asked how fiir I extend the doctrine of the motl- 
ification of s])ecics. The question is diflicult to answer, be- 
cause the more distinct the forms arc which we consider, by so 
much the arguments fall away in force. But some arguments 
of the greatest weight extend very far. All the members of 
whol(» class(»s are connected together by a chain of aflinitics, 
and all can be classilied on the same ])rinciplc, in groups subor- 
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dinatc to groups. Fossil remains sometimes tend to fill up 
very Avidc intervals between existing orders. Organs in a rudi- 
mentary condition plainly show that an carl3^ progenitor had 
the organ in a full^'-devcloped state ; and this in some instances 
implies an enormous amount of modification in the descend- 
ants. Throughout whole classes various structures are formed 
on the same jiattcrn, and at a very early age the embiyos 
closely resemble each other. Tliereforc I cannot doubt that 
tlie thcor^^ of descent with modification embraces all the mem- 
bers of the same class. I believe that animals are descended 
from at most only four or five progenitors, and plants from an 
equal or lesser number. 

Analogy would lead me one step further, namely, to the 
lielicf that all animals and plants are descended from some one 
protot3^pe. But analogy may be a deceitful guide. Neverthe- 
less all Imng things have much in common — in their chemical 
composition, their cellular structure, their laws of growth, and 
their liability to injurious influences. We see this even in so 
trifling a fact as that the same poison often similarly affects 
plants and animals ; or that the poison secreted by the gall-fl)^ 
produces monstrous growths on the wild rose or oak-tree. 
^Vilh all organic beings sexual rej^roduction seems to be essen- 
tially similar. With all, as far as is at present known, the 
germinal vesicle is the same ; so that all organisms start from 
a common origin. If we look even to the two main divisions 
— namely, to the animal and vegetable kingdoms — certain low 
forms arc so hir intermediate in character that naturalists have 
disputed to which kingdom thc}^ should be referred, and, as 
Prof. Asa Gray has remarked, “ the spores and other reproduc- 
tive bodies of man}’- of the lower algce may claim to have first 
a characteristically animal, and then an unequivocally vegetable 
existence.” Therefore, on the principle of natural selection 
>vith divergence of character, it docs not seem incredible that, 
from some such low and intermediate form, both animals and 
plants nia}^ have been developed; and, if we admit this, v/c 
innst likewise admit that all the organic beings which have 
ever lived on this earth ma}" be descended from some one pri- 
mordial form. But tliis inference is chieflj" grounded on anal- 
ogv, and it is immaterial whether or not it be accepted. No 
doubt it is possible, as !Mr. G. H. Lewes has urged, that at the 
iirst commencement of life many different forms were evolved ; 
blit if so, we may conclude that onl^' a ver^^ few have left modi- 
fied descendants. For, as I have reccntl^^ remarked in regard to 
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the members of each great class, such as the Vertebrata, Artic- 
iilataj etc,, we have distinct evidence in tlieir eml)ryological, 
homologous, and rudimentary structures, that within each class 
all are descended from a single progenitor. 

AVhcu tlie views advanced by me in tliis volume, and b}' 
^fr. "Wallace in the JJnnccui Journal ^ov ^y\\Qn analogous views 
on the origin of species are generally admitted, we can dimly 
foresee that there will be a considerable revolution in natural 
history. S}’stematists will be able to pursue their labors as at 
]iresent ; but they will not be incessantly haunted by tlie shad- 
owy doubt whether this or that form be a true species. This 
I feel sure, and I speak after experience, will be no slight re- 
lief. The endless disputes whether or not some fifty species 
of 1 British brambles are good species will cease. Systematists 
will have only to decide (not that this will be easy) whether 
any form be suflicicntly constant and distinct from other foi-ms, 
to be capable of definition ; and if definable, whether the dif- 
ferences be sulliciently important to deserve a specific name. 
This latter point will become a far more essential consideration 
than it is at present; for ditferences, however slight, between 
any two forms, if not blended by intermediate gradations, are 
looked at by most naturalists as sulHcient to raise both forms 
to the rank of species. Hereafter we shall be compelled to 
acknowledge that the only distinction between species and 
well-marked varieties is, that the latter are known, or believed, 
to be connected at the j^rcsent day by intermediate gradations, 
whereas species were formerly thus connected. Hence, with- 
out rejecting the consideration of the present existence of in- 
tennediate gradations between any two forms, we shall be led 
to weigh more carefull}" and to value higher the actual amount 
of difierence between them. It is quite possible that forms now 
geiKTally acknowletlged to be merely varieties may hereafter 
be thought worthy of specific names ; and in this ease scien- 
tific and common language will come into accordance. In 
short, we shall have to treat species in the same manner as 
those naturalists treat genera, who admit that genera are 
merely artificial combinations made for convenience. This 
may not be a cheering prospect; but we .shall at least be freed 
from the vain search for the undiscovered and undiscoverable 
essence of the term sjiccies. 

The other and more general departments of natural history 
will rise gr(*atly in interest. The terms used by naturalists of 
allinitv, ndationship, cominiinity of type, paternitv, inorpholo- 
in 
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gVj’iitliiptivc characters, rudiniciitaiy and abortive organs, etc., 
M’ill cease to be metaphorical, and will have a plain significa- 
tion. When we no longer look at an organic being as a sav- 
age looks at a ship, as something wholly beyond his compre- 
hension ; when we regard every production of Nature as one 
which has had a long history ; when we contemplate every com- 
])lex structure and instinct as the summing up of many con- 
trivances, each useful to the possessor, in the same way as any 
great mechanical invention is the summing up of the labor, 
the experience, the reason, and even the blundei'S of numerous 
workmen ; when we thus view each organic being, how far 
more interesting — I speak from experience — does the study 
of natural history become ! 

A grand and almost untrodden field of inquiry will be 
opened, on the causes and laws of variation, on correlation, on 
•the efiects of use and disuse, on the direct action of external 
conditions, and so forth. The study of domestic productions 
will rise immensely in value. A new variety raised by man 
will be a more important and interesting subject for study 
than one more S 2 :>ccics added to the infinitude of already-re- 
corded species. Our classifications will come to be, as far as 
they can be so made, genealogies ; and will then truly give 
what may be called the plan of creation. The rules for classi- 
fying will no doubt become simjder when we have a definite 
object in view. We possess no pedigrees or armorial bear- 
ings; and we have to discover and trace the many diverging 
lines of descent in our natural genealogies, by characters of 
any kind wliich have long been inherited. Itudimcntary or- 
gans will speak infallibly with rcs 2 :)ect to the nature of long- 
lost structures. Species and groups of species, which are 
called aberrant, and which may fancifully be called living fos- 
sils, will aid us in forming a picture of the ancient forms of 
life. I^lmbrj'ology will often reveal to us the structure, in 
some degree obscured, of the protot^q^es of each great elnss. 

When we can feel assured that all the individuals of the 
same species, and all the closely-allied s^^ecies of most genera, 
have within a not very remote period descended from one 
])arent, and have migrated from some one birthplace; and 
when we better know the many means of migration, then, by 
the light which geology now thrOAVS, and will continue to 
throw, on former changes of climate and of the level of the 
land, Ave shall surely be enabled to trace in an admirable man- 
ner the former migrations of tho inhabitants of the aa'IioIc 
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woi'kl. Even at present, by comparing tlie tlillcrences of the 
inhabitants of the sea on the opposite sides of a continent, 
and the nature of the various inhabitants of that continent in 
relation to their apparent means of immigration, some light 
can be thrown on ancient geography. 

The noble science of Geology loses glory from the ex- 
treme iinj^erfection of the record. The crust of the earth with 
its embedded remains must not be looked at as a well-fdled 
museum, but as a poor collection made at hazard and at rare 
intervals. Tlic accumulation of each great fossilifcrous forma- 
tion will be recognized as having depended on an unusual con- 
currence of favoiable circumstances, and the blank intervals 
between the successive stages as having been of vast duration. 
Jhit we shall be able to gauge with some security the duration 
of these intervals by a comparison of the preceding and suc- 
ceeding organic forms. AVc must be cautious in attempting to 
correlate as strictly contemporaneous two formations, which do 
not include many identical species, by the general succession 
of the forms of life. As species are produced and extcTini- 
nated by slowly acting and still existing causes, and not Ijy mi- 
raculous acts of creation and by catastrophes ; and as the most 
important of all causes of organic change is one which is al- 
most independent of altered and perhaps suddenly-altered 
physical coiiditions, namely, the mutual relation of organism to 
organism — the improvement of one organism entailing the im- 
provement or the extermination of others — it follows that the 
amount of organic change in the fossils of consecutive forma- 
tions probably serves as a fair measure of the lapse of actual 
time. A number of species, however, keeping in ti body 
might remain for a long ])eriod unchanged, while within this 
same period, several of these species, by migrating into new 
countries and coming into competition with foreign associates, 
might become modilied ; so that we must not overrate the ac- 
curacy of organic change as a measure of time. During early 
jieriods of the earth’s history, when the forms of life were proba- 
bly fewer and simpler, the rate of change was ])robably slower; 
and at the first dawn of life, Avhen very few forms of the sim- 
plest structure existed, the rate of change may have been slow 
in an extreme degree. The history of the world, as at ]iresent 
known, although of immense length, will hereafter be recog- 
nized as short, compared with the agi's which must have 
ela])scd since tlie first organic beings, the ])rogenitors of in- 
numerable extinct and living descendants, ajipearcd on the 
stag(‘. 
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In the distant future I see open fields for far more impor- 
tant researches. Psychology will be based on a new founda- 
tion, that of the necessary accjuirenient of each mental power 
and capacity by gradation. Light will be thrown on the origin 
of man and his history. 

Authors of the highest eminence seem to be fully satisfied 
with the view that each species has been independently cre- 
ated, To my mind it accords better with what we know of 
the laws impressed on matter by the Creator, that the pro- 
duction and extinction of the past and present inhabitants of 
the world should have been due to secondary causes, like 
those determining the birth and death of the individual. 
When I view all beings not as special creations, but as the 
lineal descendants of some few beings whieh lived long be- 
fore the first bed of the Silurian system was dejmsited, they 
seem to me to become ennobled. Judging from the past, we 
may safely infer that not one living species will transmit its 
unaltered likeness to a distant futurity. And of the species 
now living very few will transmit progeny of any kind to a 
far-distant futurity ; for the manner in which all organic be- 
ings arc grouped, shows that the greater number of species in 
each genus, and all the species in many genera, have left no 
descendants, but have become utterly extinct. We can so far 
take a prophetic glance into futurity as to foretell that it will be 
the common and Avidely-spread species, belonging to the larger 
and -dominant groups within each class, 'AA^hich AA’ill \iltimately 
]>revail and procreate ncAV and dominant species. As all the 
liAung forms of life are the lineal descendants of those Avhich 
lived long before the Silurian epoch, Ave may feel certain that 
the ordinary succession by generation has ncA’er once been 
broken, and that no cataclysm has desolated the AA'hole Avorld. 
Hence Ave may look AA’ith some confidence to a secure future 
of equally inappreciable length. And as natural selection 
AA’orks solely by and for the good of each being, all corporeal 
and mental endoAvinents Avill tend to progress toAvard perfec- 
tion. 

It is interesting to contemplate a tangled bank, clothed 
A\ ith many ]Jants of many kinds, Avith birds singing on the 
bushes, Avith Aarious insects Hitting about, and Avith AAorms 
craAvling through the damp earth, and to reflect that these elab- 
orately constructed forms, so diflerent from each other, and 
dependent on each other in so complex a manner, have all been 
j)roduccd by hiAvs acting around us. These laAVS, taken in the 
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larc^est sense, being Growth with Reproduction ; Inheritance 
which is almost implied by reproduction ; Variability from the 
indirect and direct action of the conditions of life, and from 
use and disuse; a Ratio of Increase so high as to lead to a 
Struggle for Life, and as a consequence to Natural Selection, 
entailing Divergence of Character and the Extinction of less- 
improved forms. Thus, from the war of Nature, from famine 
and death, the most exalted object which we arc capable of 
concci\ung, namely, the production of the higher animals, di- 
rectly follows. There is grandeur in this view of life, with its 
several powers, having been original!}" Ijreathed by the Crea- 
tor into a few forms or into one; and that, while this planet 
has gone cycling on according to the fixed law of gravity, from 
so simple a beginning endless forms most beautiful and most 
wonderful have been, and are being, evolved. 
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pollen of, 108. 

FIsli. flying, 115. 

tcleostcaii, sndden appearance of, 200 
eating seeds, .331. 351. 
frcsh-walcr, distribution of, 352. 
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Flalics, jranoid, now confined to fresh- 
water, 107. 

electric orirnns of, la”). 
ganoid, liviiii; In fresh-water, 3W. 
ofsoutlicru hemisphere, 345. 

Flight, powers of, how acquired, 17.5. 
Flint tools, proving antiquity of man, 31. 
Florida, pigs of, 80. 

Flowers, stniciurc of, in relation to 
crossing, 05. 

of coinposita; and umbellifcne, 140. 
beauty of, 105. 
doulde, 227. 

Flysch formation, destitute of organic re- 
mains, 273. 

Forbes, Mr. D.. on glacial action in the 
Andes, 313. 

E., on colors of sheila, 1.38. 
on abrupt range of sliclls in depth, 
161. 

on i»oornoas of paleontological col- 
lections, 27.3. 

on continuous succession of genera, 

2fiS. 

on continental extension, 330. 
on di.'^tribution during Glacial period, 
337. 

on parallelism !u lime and spnee, 370. 
Forests, cliangcs in, in America, 80. 
Formation, Devonian, 311. 

Cambrian witli monocotylcdonous 
idant, 201. 

Formations, thirkness of, in Britain, 271. 

intermittent, 280. 

Formica mfcsccus, 212. 
sanguinca, 213. 
tlava, neuter of, 220. 

Forms, low ly organized, loiig-cndnring, 
124. 

Frena, oviircron.a, of clrripcde«, 1S.3. 
Fresli-water productions, dispersal of, 
351. 

Fries, on species and large genera being 
closely allied to other .‘Species, 60. 
Frigate-bird, 178. 

Frogs on Islands, .358. 

Fruit-trees, gradual Improvement of, 45. 
in Fnited States, 80. 
varieties of, acclimatized in United 
States, no. 

Fuel, crossed, 2t0. 

Fur, thicker in cold climates, 1.38, 

Furze, 305. 

Galapagos Archipclacro. birds of, 350. 

productions of, 302, .331, 
Galeopithecus, 171. * 

Game, increase of, cbccked by vermin. 75. 
Gfirtncr, on sterility of hybrids, 2.35, 210. 
on reciprocal crosses, 2 12. 
on crossed maize and verbasenm, 2.50. 
on coinpnrlsoii of hybrids and mon- 
grels, 201. 

Gaudrj', Prof., o!i lutcrmodialc genera of > 
ro«sil m.aminals, 308. 

Geese, fertility when crossed, 2-30. 
iiidnnd. 177. 

Gelkle, Mr., on snbafrinl denudation, 260. 
Gcncalogj* important In classitkatlon, 380. 



Generations, altcmale, .30t. 

GcolTroy St.-llllairc, on balanecmcnt, 1 10. 
on homologous orL^ans, 301. 

Isidore, on variability of repealed 
parts, 151. 

on correlation, in raonstrositics, 20. 
on correlation. 117. 

Gcoflroy .8t.-IIilaire, Isidore, on variable 
parts being often monstrous, 155. 
Geographical distribution, 322. 
Geography, ancient, 4.35. 

Geology, fmnrc ))rogress of, 435, 
imperfection of the record, 2GG. 
Giraffe, tail of, 101. 

Glacial period, 337. 

affecting the Nortli and South, 450. 
Gmclin, on distribution, .337. 
Godwin-Austen, >lr., on the Malay Arclil- 
pclago, 281. 

Goethe, on compensation of grow Ih, 142 
Goraphia. 1.31. 

Gooseberry, grafts of. 245. 

Gould, Dr. Aug. A., on laud-shells, 361. 
Mr., on colors of birds, 13S, 
on instincts of cuckoo, 211. 
on disiribution of genera of birds, 306. 
Gourds, crossed, 250, 

Graba, on the Uria lacrymans, 01. 

Grafts, capacity of, 2t.5* 

Granite, areas of denuded, 277. 

Grasses, vanctics of, 112. 

Gray, Dr. Asa, on the variability of oaks, 
GO. 

on man not causing variability, 8t. 
on sexes of the holly, 97. 
on trees of United Slates, 101. 
on naturalized plants in the United 
Slates, 113. 
on aestivation, 130. 

on rarity of intennediate varieties, 

no. 

on Alpine plants, 3.37. 

Dr. J. E., oil Blriijcd mule, 16.3. 

Grebe, 177. 

(iroups, aberrant, .387. 

Grouse, colors of, 88. 

red, a doubtful species. 58. 

Growth, compensation of, MO. 

GiiulUcr, Dr., on the fishes of Panama, 323. 

Ilaast, Dr., on glaciers of New Zealand, 
312. 

Ilabit. effect of, under domestication, 25. 
efl’(*ct of, under nature, 13'.l. 
diversified, of same species, 17.5. 
Iliickcl, Prof., on classification and the 
lines of descent, .‘KM). 

Hair and teeth, correlated. 147. 

Ilarconrt, Mr. E. V., on birds of Madeira, 
357. 

Ilartung. !M., on bowlders in the Azores, 
335. 

Ilazel-unls, .331. 

Heanio, on habits of bears, 176. 

Heath, changes in vegetation, 77. 
llocr Oswald, on ancient cultivated plants 
80 . 

on |)l.anfs of IMadcira, 100. 
llellanthcmiim, 13U 
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llolix |iomatin, HOI. 
llelosciadium, 3.Ti. 

Ileinloniis, Btriprd, 

llerhort, W.. on strujT'jlc for existence, 70. 

on sterility of liybritls, 23»i. 

Hector, Dr., on glaciers of New Zealand, 
•M2. 

ITermaplirodites crossincr, 9S. 

Helix, resisting salt-water, 301. 

Heron eating seed, Sot. 

Heron, Sir K., on peacocks, 92. 
lleiisinger, on white animals poisoned by 
certain plants, 20. 

Hewitt, ^[r., on sterility of first crosses, 
2-tO. 

Hildebrand. Prof., on the self-sterility of 
Corydalis, 237. 

llilgendoff, on intermediate varieties, 278. 
Himalaya, glaciers of, 342. 

plants of, 3^15. 

Hippeastrnm, 237. 

Hollv-trecs, sexes of, 90. 

Hooker, Dr., on trees of New Zealand, 101. 
on acclimatization of Himalayan 
trees, 144. 

on tlowers of umbellifene, 148. 
on glaciers of Himalaya. ^2. 
on algre of New Zealand, 34.5. 
on vegetation at the base of the Him- 
alaya, 3-tO. 

on plants of Tierra del Fnego, 34-1. 
on Australian plants, 310, 30.3. 
on relations of flora of America, 347. 
on flora of the Antarctic lands, 3t9, 
303. 

on ilic plants of flic Galapagos, 357, 
302. 

on glacicys of the Lebanon. .3t2. 
on man not causing variability. 8-1. 
on plants of mountains of Fernando 
Po, 34.5. 

Hooks on palms. 192. 

on seeds on islands. .358. 

Hopkins, ]SIr., on denudation, 277. 
Horiibill, remarkable instinct of, 232. 
Homs, rudimentary. 408. 

Horse, fossil, in La Plata. 299. 

Horses destroyed by flics in Paraguay, 78. 
striped. 102. 

proptirtions of. when young. 399. 
Horticulturists, selection applied by, 42. 
Huber, on cells of bees. 221. 

P., on reason blended with instinct, 

201 . 

on hnhitiial nature of instincts, 202. 
on slfive-making ants, 212. 
on ^Mclipona domestica, 217. 
Hiimble-bccs, cells of, 217. 

Hunter, J., on secondary sexual char- 
acters, 152. 

Hutton, Captain, on crossed geese, 239. 
Huxley, Prof., on structure of heriiuaph- 
fodites, 102. 

on forms connecting birds and rep- 
tiles, 308. 

on homologous organs, 39 1. 
on the development of aphis, 898. 
Hybrids and mongrels compared, 200. 
Hj’brldisnj, 2-33. 



Hydra, siracturc of, 182. 

Hymenoptera, fiirbting, 9t. 
llymcnoptcrous insect, diving, 177. 

Hila, 150. 

Icebergs transporting seeds, 3.35. 
Increase, rate of. 71. 

Individuals, numbers favorable to sc.ee 
tion, 103. 

many, whether simultaneously cre- 
ated, 329. 

Inheritance, laws of, 27. 

at corresponding ages. 27. 89. 

Insects, color of. fitlSl for habitations, &8. 
sea-side, colors of, 138. 
blind in caves, 142. 
luminous, 185. 
neuter, 226. 

Insiinct, 201. 

not varying simullanconsly with 
stmeture, 225. 

Instincts, domestic, 20.5. 

Intercrossing, advantages of, 98. 

Islands, oceanic, 355. 

Isolation favorable to selection, 10-1. 

Japan, productions of, 342. 

Java, plants of, .345. 

Jones, !Mr. J. M., on the birds of Ber- 
muda. 357. 

Jonrdain, JI.. on the cye-spols of star- 
fishes, 179. 

Jukes, Prof., on subaCrial denudation, 
209. 

Jussieu, on classification, 377. 

Kentucky, caves of, 142. 

Kergnelen-land, flora of. 349, 303. 
Kidney-bean, acclimatization of, 146. 
Kidneys of birds, 141. 

Kirby, on tarsi deficient in beetles, 140. 
Knight. Andrew, on cause of variation, 
22 . 

Kolrentcr, on the barberry, 100. 
on sterility of hybrids. 23 1. 
on reciprocal crosses, 212. 
on crossed varieties ofuicotiana, 2.59. 
on crossing male and hermaphrodite 
flowers, 405. 

Lamarck, on adaptive characters, 383. 
Lancelet, 12.3. 
eyes of, 180. 

Land-shells, distribution of, 3»')1. 
of ^Madeira, naturalized. 305. 
resisting salt-water, 3ti2. 

Languages, classification of, 380. 

Lapse, great, of time, 208. 

Larvie, 396. 

Laurel, nectar secreted hy the leaves, 95. 
Lanrentiau fomiation. 291. 

Laws of variation. 1.37. 

Leech, varieties of, 81. 

Leguminosie, nectar secreted hy glands, 
95. 

Leibnitz’s attack on Newton, 4.30. 
Lcpidoslrcn, 107, 308. 

limbs In a nascent condition, 406. 
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Licwcs, M r. G. II., on ihe Salamantira atra, 

m. 

on many forms of life liaving been at 
first evolved, 1‘D. 

Life, Ptnijjtrlc for, TO. 

Lin^In, Silurian, 290. 

Idnnwiis, apliorl9m.or, 3T1. 

Lion, inane of, 91. 

yonii" of, Ptrificd, 395. 

Lobelia fulijeiis, T9. UK). . . 

Lobelia, sterility of rrosse«, 23T. 

Loenst.s. transporting seeds. 331. 

Lo;;un, Sir W.. on Laurentiau formation, 

202 . 

Lowe, Kev. K. J., on locusts vlsithi" Ma- 
deira, Ii3I. 

Lowness of structure connected with vari- 
ability, 151. 

Lowness, related to wide distribution, 
3(5T. 

Lubbock, Sir J., on the nerves of coccus, 
51. 

on secondary sexual characters, 157. 
on a divine bymenoptcrous insect, 1T7. 
on afllnitics, 2^S. 
on metamorphoses, .301, 30G. 

Lucas, Dr. P.. on inheritance, 27. 

on resemblance of cliild to parent, 20.3. 

Luud and Clausen, on fossils of Brazil, 

3 m. 

Lyell, Sir C., on the struggle for exist- 
ence, TO. 

on moderu changes of the earth. 03. 
ou a carboniferous land-shell, 271. 
on strata beneath Silurian system, 
201 . 

on the imperfection of tho geological 
record, 201. 

on the appearance of species, 201. 
on Barrandc's colonies, 20f>. 
on tertiary formations of Europe and 
North America, 303. 
on parallelism of tertiary formations, 
307. 

on transport of seeds by icebergs. 335. 
on great alternations of climate, 3.50. 
on tho distribution of fresh-water 
shells, 3.5.3. 

on land-shells of Madeira, 33.5. 

Lycil and Dawson, on fossilized trees in 
Nova Scotia, 2St. 

Lythrum salicariu trimoriihic, 255. 

Macleay, on analogical characters, 3.S3. 

McDounell, Dr., on electric organs, 181. 

Madeira, plants of, 107. 

beetles of, wingless, 110. 
fiissll land-shells of, 317. 
birds of, 357. 

Magide, tame, in Norway, 205. 

Males fighting, 91, 

Maize, crossed. 253. 

Malay Archipelago compared with Eu- 
rope, 23t. 
maniinals of. .300. 

Malpighlaceie, siimll Imiicrfcct flowers of, 
129. 

377. 

Mamnuc, rudimentary, 105. 



Mammals, fossil, in secondary formation, 
288. 

insular, 359. 

Man, origin of races of. 193. 

Manatee, rudimentary nails of, 403. 
Marsupials of Aiislra’lla, 113. 

fossil species of, 316. 

Martens, M„ experiment on seeds, ,332. 
Martin, Mr. W. C., on striped mules, 163 
Masters, Dr., on Sapouaria, 131. 
Mattcucci, on the electric organs of rays 
187. 

Matthiola, reciprocal crosses of, 212. 
Means of dispersal, 331. 

Melipoiia domestica, 217. 

Merrcll, Dr., ou the American cuckoo, 299. 
Metamorphism of oldest rocks, 292. 

Mice destroying bees, 80. 

acclimatization of, 1 15. 

Miller, Prof., on the cells of bees, 218,221. 
Mirahilis, crosses of, 212. 

Mlsscl-tbrush. 81. 

Mistletoe, complex relations of, 19. 
Mocking-tlirnsli of tho Galaiiagos, 366. 
Modification of sjiccics, how' far applica- 
ble, 4.31. 

Moles, blind, 141. 

Mongrels, fertility and sterility of, 256. 

and hybrids compared, 260. 

Monkeys, fossil, 2vS8. 

Monaebanthus. 381. 

Mons Van, on the origin of fruit-trees, 30. 
Monstrosities, 52. 

Monquin-Tandon, on sea-side plants, 138. 
Morpliology, 390. 

Mozart, musical powers of, 20.2. 

Mud, seeds in, .%53. 

Mules, striped, 1(>3. 

Miillor, Dr. Ferdinand, on Alpine Aus- 
tralian plants, 352. 

JIUllcr, Fritz, ou dimorphic crustaceans, 
55, 2.30. 

on the lancelet, 121. 
on nir-breatliiiig crustaceans, 130. 
on the self-sterility of orchids, 2.37. 
on embryology in relation to classifi- 
cation, 378. 

on the metamorphoses of crnslaccans, 
398, 403. 

on terrestrial and fresh-water organ- 
i.-»ms not nudergoing any metamor- 
phoses, 401. 

on the metamorphoses of insects, 402. 
Multiplication, indetlnite, of si>ecies, 132. 
Murchison, JSir It., on the formations of 
Knssia, 271. 

on azoic formations, 291. 
on extinction, 299. 

Murrav, Mr. A., on cave-insects, 11.3. 
Mu.<teln visit)!!, 173. 

Myan thus. 381. 

Mvrmecocystiis, 2J3. 

Mynuica, eyes of, 229. 

Nilgell, on morphological characters, 129. 
Nails, rudimentary, 40.3. 

Nathusius, Von, on ])lgs, 19.3. 

Natural history, future progress of, 133. 
Bclecllou, 84. 
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Natural p.vptcm, .'174. 

Naturalization of fomip distinct Jfrom tbc 
indigenous species, 11‘1. 
in New Zealand, l'J7. 

Naudin, on analogous variations in 
gourds, 150. 
on hybrid gourds, 259. 
on reversion, 2til. 

Nautilus, Silurian, 290. 

Nectar of plants, 05. 

Nectaries, how formed, 95. 

Nelumbium Inteum, 

Nests, variation in, 20^1, 225, 231. 

Neuter insects, 22G. 

Newman, Colonel, on humble-bees, 79. 
New Zealand, productions of, not per- 
fect, 197. 

naturalized products of, 315. 
fossil birds of, 317. 
glaciers of, 342. 
cnistaceans of, 345. 
algie of, 315. 

number of plants of, 355. 
flora of, 353. 

Newton, Sir I., attacked for irreligion,429. 
Prof., on earth attached to a par- 
tridge's foot, 335. 

Nicotiana, cros'^cd varieties of, 2G0. 

certain species very sterile, 242. 
Noble, Mr., on fertility of Rhododendron, 
237. 



Nodules, phosphatic, in azoic rocks, 291. 



O.aks, variability of, GO. 

(Enoiiis, small imperfect flowers of, 129. 
Onites appelles, 140. 

Orchestia, dimorphic, 5.5. 

Orchids, fertilization of, 188. 

forms of, 381. 

Orchis, pollen of, 1S.5. 

Organization, tendency to advance, 121. 
Organs of extreme perfection, 178. 
electric, of Ashes, 185. 
of little importance, 190. 
lioinologons, 391. 
rudiments of, and nascent, 4fll. 
Ornitliorhyncluis, 107, 376. 

Ostrich not capable of flight, 140. 
habit of laying eggs together, 212. 
American, two species of, 32 1. 

Otter, habits of, how acquired, 173. 

Ouzel, water, 17fi. 

Owen, Prof., on birds not flying, 139. 
on vegetative repetition, 151. 
on variability of unusually developed 
parts, 152. 

on the eyes of Ashes, ISO. 
on the swim-bladder of fishes, 183. 
on the hranchiie of cirripcdcs, 183. 
on electric organs, 184. 
on fossil horse of La Plata, .300. 
on relations of ruminants and pachy- 
derms, 307. 

on fossil birds of New Zealand, 317. 
on succession of types, 316. 
on allinilies of the augong, 374. 
on lioinologons organs, 391. 
on the nielamorpUosis of ccphalo- 
pods, 397. 



Pacific Ocean, faunas of, 324. 

Pacini, on electric organs, 185. 

I’alcy, on no organ formed to give pain. 
190. 

Pallas, on the fertility of the domesticated 
descendants of wild stocks, 239. 
Palm with books, 192. 

Paraguay, cattle destroyed by flics, 78. 
Parasites, 212. 

Partridge, with hall of earth attached to 
foot, 331, 335. 

Parts greatly developed, variable, 152 
Pani.fl major, 176. 

Passiflora, 230. 

Peaches in United States, 89. 

Pear, grafts of, 245. 

Pelargonium, flowers of, 1 18. 

sterility of, 237. 

Pelvis of women, 147. 

Peloria, 148. 

Period, glacial, 337. 

Petrels, habits of, 177. 

Pbasianus, fertility of hybrids, 239. 
Pheasant, young, wild, 208. 

Phillips, Prof., on I'rcsh-watcr shells, 
314. 

Pictet, Prof., on groups of species sud* 
denly appearing, 280, 287. 
on rate of organic change, 29G. 
on continuous succession of genera, 
298. 

on change in latest tertiary forms. 2.82. 
on close alliance of fossils in consec- 
utive formations, 312. 
on early transitional links, 287. 
Pierce, Mr., on varieties of wolves, 93. 
Pigeons with feathered feet and skin be- 
tween toes. 20. 

breeds described, and origin of, 33. 
breeds of, how produced, 40. 49. 
tumbler, not being able to get out of 
egg, 90. 

reverting to blue color, 161. 
instinct of tumbling, 207. 
young of, 399. 

Pigs, black, not aflected by the paint- 
root, 26. 

modified by want of exercise, 193. 
Pistil, rudimentary, 105. 

Plants, poisonous*, not affect hig certain 
colored animals, 2C. 
selection applied to, 42. 
gradual improvement of, 45. 
not improved in barbarous countries, 
46. 

destroyed by insects, 75. 
dimorphic, M, 25;J. 

in midst of range, have to struggla 
with other plants, 82. 
nectar of, 95. 
fleshy, on sca-shorcs, 138. 
climbing, 182. 

fresh-water, distribution of, 353. 
low in scale, widely-distributed, 307. 
Plumage, laws of change in sexes o! 
birds, 92. 

Plums in the United States, 89. 

Pointer dog. origin of, 44. 

Jiabits of, 207. 
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Poison not nlTccting certain colored ani- 
mals, 2d. 

similar ctFect of, on animals and 
plants, t:J2. 

Pollen of llr-trces. 198. 

transported by various means, 188, 
195. 

Pool, Colonel, on striped bcmlonns, 1G2. 
Potamoirclon, Jio-I. 

Prestwich, Mr., on Engli**!! and French 
eocene formations, .309. 
Proctolrupes, 177. 

Proteolepas, 150. 

Proteus, M8. 

Psychology, future progress of, 430. 

Qnag"a, striped, 10.3. 

(jnerens, variability of, CO. 

Quince, grafts of, 245. 

Pabbil, disposition of young, 207. 

Rjiees, domestic, characters of, 29. 
Uace-liorses, Arab, 4-1. 

English, 329. 

Eamond, on plants of Pyrenees, 338. 
Itamsay, Prof., on subacrial denudation, 
209. 

on thickness of the British forma- 
tions, 271. 
on faults, 270. 

Ramsay, 31 r., on instincts of cuckoo, 282. 
Ratio of increase, 71. 

Rats supplanting each other, 81. 
acclimatization of, 145. 
blind in cave, 142. 

Rattlesnake, 190. 

Iteason and instinct. 201. 

Recapitulation, general. 412. 

Reciprocity of crosses, 242. 

Record, geological. Imperfect, 200, 
Rcnggcr on dies destroying cattle, 78. 
Reproduction, rale of, 71. 

Resemblance to parents in mongrels and 
hybrids, 201. 

Reversion, law of inhcriinneo, 2.8. 

In pigeons to blue color, 100. 
Rhododendron, slerililv of, 2.38. 

Richard, Prof., on Asplcaiiia, 377. 
Richardson, Sir. J., on elruclurc of 
snnirrels, 173. 

on llshcs of the southern hemisphere, 
31.5. 

Robinla, grafts of, 245. 

Rodents, blind. 111. 

Tiogers. Prof., 3Iap of North -\mcrica, 277. 
Rmllmentarv organs, lOt. 

RudlmentB important for classification, 
370. 

HQtlmcycr, on Indian cattle, 31, 2.39. 

Ralamandm ntrn, 405. 

Saliva used In nests. 225. 

Sageret on gnifts, 2t5. 

Salmons, males, fighting, and hooked 
Jaws of, 91. 

Salt-water, how far injurious to seeds, 
a32. 

not destrucl Ivc to land ehclis, .301, 302. 



Salter, 3Ir., on early death of hybrid cm 
bryos, 249. 

Sanronhagiis sulplniratus, 170. 

SchiOute, on blind insects, 112. 

Sclilegel, on snakes, 147. 

Scott, J., Mr., on the self-sterility of or- 
chids, 237. 

on tho crossing of varieties of ver 
basenin, 2.59. 

Sea-water, ho\v far injurious to seeds, 332. 

not destructive to land -shells,. 301, 302. 
Sebright, Sir J., on crossed animals, 32. 
Sedgwick, Profi, on groups of species 
suddenly appearing, 280. 

Seedlings destroyed by insects, 71. 

Seeds, milrinient in, 82. 
w'ingod, 149. 

means of dissemination, 187, 191. 2.3-1. 
powers of resisting salt-water, 332. 
in crops and intestines of birds, 333. 
eaten ny fish, 33-1, 355. 

In mud, 3.53. 
hooked, on islands, 358. 

Selection of domestic products. 40. 
principle not of recent origin, 4.3. 
unconscious, 43. 
natural, 8-1. 
sexual, 90. 

objections to term. 85. 
natural, has not induced sterility, 210. 
Sexes, relations of, 90. 

Sexual characters variable, 150. 
selection, 90. 

Sheep, Merino, their selection, 41. 

two suli-brceds uiiintcnlionally pro* 
duced, 41. 

mountain, varieties of, 81. 

Shells, color of, i;38. 
hinges of, 188. 

littoral, seldom embedded, 27.3. 
fresh-water, long retain the same 
forms, 314. 

fresli-waler, dispersal of, 353. 
of ^Madeira. 357. 
land, distribution of, 358. 
land, resisting salt-water, SOI, 362. 
Silenc, infertility of crosses, 2-11. 

Sillimau, Prof., on blind rat, 1 12. 

Sitarlrt, mctmnorpliosis of, 402. 

Skulls of young mammals, 192, 393. 
Slave-making instinct, 212. 

Smith, Col. llamiltou, on striped horses, 
133. 

Mr. Fred., on slave-making ants, 211. 
on neuter ants. 229. 

Snake with tooth for culling through egg- 
shell, 212. 

Somerville, Lord, on selection of sheep, 
41. 

Sorbns, grafts of, 2(5. 

Spanii-l, King Charles's breed, 41. 
Speelnllzation of organs. 121. 

Species, polymorphic, M. 
dominant, t>t. 
common, variable, 02. 
in largo gencni variable. 01. 
groups of, suddenly appearing, 280 
289 . 

beneath Silurian formal ions, 291. 



44G 



INDEX. 



Species fliiccesr^ivi'ly appearlnfr. 20.“}. 

chan;xliiiX >‘iinultancously throughout 
tlio world, .‘30.’1. 

Spencer, Lord, on increase in size of cat- 
tle, 41. 

Herbert, Mr., on the first steps in dif- 
ferentiation, 120. 

Mr. II,, on the tendency to nn equi- 
librium in all forces, 252. 

Spliex, parasitic, 212. 

Spiders, dcvclopineiit of, .31)7. 

Spitz-do" crossed with fox, 257. 

Sj)orts in plants, 25. 

Sprengel, C. C., on crossing, 100. 
on ray-florets, 148. 

Squirrels, gradations in structure. 174. 
StatTordshirc, heath, changes in, 77. 
Stag-beetles, fighting, 01, 

Star-ftshes, eyes of, 170. 

Sterility from changed conditions of life, 

21 . 

of hybrids, 23.3. 

, laws of, 240. 

, causes of, 2IG. 

from nil favorable conditions, 251. 
not induced through natural selec- 
tion, 210. 

St. Helena, prodnetions of, 350. 
St.-llilaire, Aug., variability of certain 
plants, 130. 
on classification, 377. 

St. John, iMr., on habits of cats, 205. 

Sting of bee, 107. 

Slocks, aboriginal, of domestic animals, 
32. 

Strata, thickness of. In Britain, 271. 
Stripes on horses, 102. 

Structure, degrees of utility of, 191. 

St niggle for existence, 09. 

Succession, geological, 295. 

Succession of types in same areas, .310, 
Swallow, one species supplanting an- 
other, 81. 

Swifts, nests of, 225. 

Swim-bladder, 1.8.3. 

Switzerland, lake habitations of, 31. 
System, natural, 371. 

3’ail of girafle, 191. 

of aquatic animals, 191. 
rudiiuciitArv, 408. 

Tanais, dimorphic, 55. 

Tarsi deficient, 1 10. 

Tauscb, on ninbclli ferae, 120. 

3’eeth and hair correlated, 147. 

rndmicntary, in embryonic calf, 40C, 

Togetmeier, Mr., on cells of bees, 219, 223. 
TcMumiuck on distribution, aiding classi- 
fication, .378. 

Thompson, Sir W., on the age of the hab- 
itable world, 272, 281. 

Tlioiiln, on grafts, 215. 

Thrush, aquatic species of, 177. 
mocking, of the CJnlapagos, 306. 
young of, spoiled, 395. 
nest of, 232. 

3’burct, M,, on crossed fuci, 212. 
Thwaltcs, Mr., on ncclliuatizatlon, lit. 



Ticrra del Fuego, dogs of, 207. 

plants of, .319. 

Timoer-drift, 333. 

Time, lapse of, 208. 

by itself not causing modification, 10.*S. 
Titmouse, 170. 

3'oads on islands, 358. 

Tobacco, crossed varieties of, 259. 

Tomes, Mr., on the distribution of bats, 
300. 

Torcll, on a monocotyledonous Cambrian 
plant, 291. 

Transitions in varieties rare, 168. 
Trautschold, on intermediate varieties, 
279. 

Trees on islands belonging to peculiar 
orders, .357. 

with separated sexes, 101. 

Tri folium pra tense, 79, 97. 
incamatum, 97. 

Trigonia, 302. 

Trilobitcs, 290. 
sudden extinction of. 302. 
Trimorphism in plants, 55, 253. 
Troglodytes, 232. 

Tuco-tuco, blind, 141. 

Tumbler, pigeons, habits of, hereditary, 
207. 

young of, 400. 

Turkey-cock, tuft of hair on breast, 92. 
naked skin on head, 192. 
young of, instinctively wild, 203. 
Tuniip and cabbage, analogous variations 
of, 159. 

Type, unity of, 200. 

Types, succession of, in same areas, 316. 

Udders enlarged by use, 25. 

rudimentary, 405. 

Ulex, young leaves of, 395. 

Umbel liferic, flowers and seeds of, 129. 

outer and inner florets of, 148. 

Unity of type, 200. 

Uria'lacrymans, 94. 

Use, efifects of, under domestication, 20. 

eflects of, in a state of nature, 139. 
Utility, how far important in the con- 
struction of each part, 193. 

Valenciennes on fresb-water fish, 352. 
Variability of mongrels and hybrids, 200. 
Variation under domestication, 22. 

caused by reproductive system being 
nfiTected by conditions of life, 23. 
under nature, 52. 
laws of, 1.37. 
correlated, 25, 1 10, 191. 

Variations appear at corresponding ages, 
27, 89. 

analogous in distinct species, 158. 
Varieties, natural, .52. 
strugglo between, SO. 
domestic, extinction of, 109. 
transitional, rarity of, 108. 
when crossed, fertile, 257. 
when crossed, sterile, 250. 
classifleation of, 381. 

Verbasenm, sterility of. 2.37. 

Vcrbascnni, varieties of, crossed, 259. 
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Vcrlot. M.. on double slocks, 227. 

V'crucul, 31. de, on tho succession of 
ppcclos, 301. 

Violn, Mnall imperfect flowers of, 129. 
tricolor, 79. 

Virchow, on tho slructurc of Ihc crj'stal- 
line Ions, ISO. 

Volcanic Islands, denudation of, 270. 

Vulture, naked skiu on head, 192. 

Wadinc:-birds, 35.3. 

Wa<,'rier, Moritz, on the importance of iso- 
lation, 105. 
on Cecidoinyln, .394. 

Wallace, Mr., oh ori^,dn of species, 17. 
on the limit of variation uuder do- 
mestiention, 50. 

on laws of gcoj;rapUical distribution, 
329. 

on tlic Malaj Archipelago, 300. 
on dimorphic iepidoptera, .55, 2.30. 
on races in thc3!alay Archipelago, 57. 
oil mimetic animals, 3.S0. 

Walsh. 3Ir. II. D., on pliytophagic forms, 
58. 

on eiiuable variability, 1.59. 

Water, fresh, production’s of, 351. 

Water-hen, 177. 

Waterhouse. 3Ir., on Australian marsu- 
pials, 113. 

on greatly-developed parts being vari- 
able, 152. 

on the cells of bens, 217. 
on general afllnities, 387. 

Water-ouzel, 177. 

Watson, Mr. H. C., on range of varieties 
of British piants, 07. 
on acclimatization, Ml. 
on flora of Azores, 3;k5. 
on Alpine plants, a3S. 
on rarity of intermediate varieties, 
170. 

on convergence^ 132. 
on the indefinite multiplication of 
species, 132. 

Weale, M r., on locusts transporting seeds, 
33t. 

Web of feet in the water-birds, 177. 

Weismann, Prof., on the causes of vari- 
ability, 2.3. 

on inorphologic.al characters, 127. 
on rudimentary organs, 408. 



Wcst-Iudian Islands, mammals of, 3C0. 

Wcstwooil, on spcei<-s in large genera be- 
ing closely allied to otliers, 50. 
on tiie tar>i of Knguhe, 157, 
on the antenna]! of hymeuoplcrous in- 
sects, 375. 

Wheat, varieties of. 111. 

Wliitc ilountains, flora of, 337. 

Whittaker, 31 r., on lines of CBcaqiment, 
209. 

Wiehura, 3Tax, on hybrids, 250, 251, 201. 

Wings, rednetiou of size, 140. 

of insects homologous with branchiae, 
18:1. 

rudimentary, in insecls, 405. 

Wolf crossed with dog, 200. 
of Falkland Isles, 359. 

Wollaslou, 3lr., on varieties of insects, 
58. 

on fossil varieties of shells in 3Ia- 
dcirn, 02. 

on colors of insects on sca-shore, 138. 
on wingless beetles, 141. 
on rarity of intermediate varieties, 
170. 

on insular insects. 3.55. 
on land-shells of3Iadeira, naluralizcd, 
306. 

Wolvo**, varieties of. 9.3. 

Woodcock, with earth attaclied lo leg, 33.5. 

Woodpecker, habits of, 170. 
grecu color of, 192. 

Woodward, 31 r., on the duration of spe- 
cific forms, 279. 

on the continuous succession of gen- 
era, 298. 

on the succession of types, 317. 

World, species changing siimiltaueously 
throughout, 303. 

Wrens, nest of, 2:i2. 

Wyman, Prof., on correlation of color and 
cflect of pcisou, 20. 
on the cells of tho bee, 218. 



Yoiiatl, 3Ir., on seloclion, 41. 
on sub-breeds of sheep, 44. 
on rudimentary boms iu young cat- 
tle, 40S. 

Znnthoxylon, 1,30. 

Zebra, stripes on, 102. 
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WOPiKS OP HERBERT SPExXCER, 

rCBLISlIED DY 

D. APPLETON' AND COAIPANY. 



SYSTEM OF PHILOSOPHY. 

I.— FinsT rmxcirLES. 

{Xcw and Enlarged Edition.) 

Part I. — The Unknowable. 

Pajit J I.— Laws oe tue Unowadle. 

559 pages. Price, $2.50 

II.— THE PEINCIPLES OF BIOLOGY.— YOL. I. 

Part I. — The Data of Biology. 

Part H. — Tiif. Inductions op Biology. 

Part III. — The Evolution of Life. 

475 pages. Price, $2.60 

PRINCIPLES OF BIOLOGY.— VOL. II. 

Part IV. — Morphological Development. 

Part Y. — Physiological Development. 

Part YI. — Laws of Multiplication. 



665 pages. Price, - . , $2.50 

III.— THE PRINCIPLES OF PSYCHOLOGY. 

Part I. — The Data op Psychology. 144 pages. Price, - . $0.75 

Part II. — The Inductions op Psychology. 140 pages. Price, - $0.75 

Part III. — General Synthesis. 100 pages. 

Part lY. — S pecial Synthesis. 112 pages. j-Tricc, - . ^1.00 



MISCELLANEOUS. 

I.— ILLUSTRATIONS OF UNIVERSAL FROGRESS. 

Thirteen Articles. 451 pages. Price, . . , - . $2.50 

II.— ESSAYS : 

Moral, Political, and yUsTiiETic. 

Ten Essays. C80 pages. Price, $2.50 

III.— SOCIAL STATICS: 

Or the Conditio.ns Essential to Human Happiness Specified, and the 
First of them Developed. 



623 pages. 


Price, 






283 pages. 


IV.— EDUCATION : 

Intellectual, Moral, and Physical. 
Price, 




$1.25 


60 pages. 


V.- Cr.ASSIFICATION OF THE SCIENCES. 
Price, ... - - - . . 


- 


$0.25 


16 pages. 


VL— SPONTANEOUS GENERATION, &c. 
Price, . . ... 




$0.25 



THE OEIGIN OE OIVILIZATTOJ^ ; 

OR, THE 

PRIMITIVE COMDITIOJST OF MAM. 

By SIR JOHN LUBBOCK, Bart., M. P., F. R. S. 

330 3?ages. Illvistratod. 

This interesting work is the fruit of many years’ research 
by an accomplished naturalist, and one well trained in mod- 
ern scientific methods, into the mental, moral, and social con- 
dition of the lowest savage races. The want of a work of 
this kind had long been felt, and, as scientific methods arc 
being more and more applied to questions of humanity, there 
lias been increasing need of a careful and authentic work de- 
scribing tlie conditions of those tribes of men who are lowest 
in the scale of development. 

“ This interesting; Avork — for it is intensely so in its aim, scope, and the 
ability of its author — treats of what the scientists denominate anthropologyy 
or the natural history of the human species ; the complete science of man, 
body and soul, including sex, temperament, race, civilization, etc.” — Provi- 
dence Press. 

“A work which is most comprehensive in its aim, and most admirable in 
its execution. The patience and judgment bestowed bn the book are every- 
where apparent ; the mere list of authorities quoted giving evidence of wide 
and impartial reading. The work, indeed, is not only a valuable one on ac- 
count of the opinions it expresses, but it is also most serviceable as a book 
of reference. It offers an able and exhaustive table of a vast array of facts, 
which no single student could well obtain for himself, and it has not been 
made the vehicle for any special pleading on the part of the author.” — 
London Athcnccum. 

“ The book is no cursory and superficial rcvicAv; it goes to the very heart 
of the subject, and embodies the results of all the later investigations. It is 
replete wiih curious and quaint information presented in a compact, luminous, 
and entertaining form.” — Albany Evening Journal, 

“The treatment of the subject is eminently practical, dealing more with 
fact than theory, or perhaps it will be more just to say, dealing only with 
theory amply sustained by fact.” — Detroit Free Press. 

“ This interesting and valuable volume illustrates, to some extent, t!io 
way in which tlio modern scientific spirit manages to extract a considerable 
treasure from the chaff and refuse neglected or thrown aside by former in- 
quirers.” — London Saturday Peview. 

D. APPLETON & CO., Publishers. 



SPKNGEKS SYSTEM OF PHILOSOPHY, 



TIIK PJIILOSOPIIY OF EVOLUTION. 

]}y HERBERT SPEXCER. 



great system of scientific thought, the most original and Important men* 
U1 undertaking of the ago, to which Jilr. Spencer has devoted his life, is now well 
advanced, the published volumes being: First J^nciples^ The rrirveipies cf Bi- 
olofjy, two volumes, and The Prlndplee of Psycfiologi/^ vol. i., which will bo 
shortly printed. 

This philosophical system differs from all its predecessors in being solidly 
based on the sciences of observation and induction ; in representing the order 
and course of Nature; in bringing Nature and man, life, mind, and society, under 
one great law of action ; and in developing a method of thought which may serve 
for practical guidance in dealing with the affairs of life. That Mr. Spencer is the 
man for this great work will ho evident from the following statements : 

“The only complete and systematic statement of the doctrine of Evolution 
with which I am acquainted is that contained in Mr. Herbert Spencer's ‘System 
of Philosophy ; ’ a work which should be carefully studied by all who desire to 
know w’hithcr scientific thought is tending.”— T. H. Huxley. 

“ Of all our thinkers, he is the one who has formed to himself the largest new 
scheme of a systematic philosophy.”— Prof. Massox. 

“If any Individual influence is visibly encroaching on Mills in this country, it 
Is his.” — Ibid. 

“Mr. Spencer is one of the most vigorous as well as boldest thinkers that 
English speculation has yet produced.” — Joirx Stuap.t Mill. 

“ One of the acutest metaphysidaus of modern limes.” — Ibid. 

“ One of our deepest thinkers.” — Dr. Joseph D. Hooker. 

It is questionable if any thinker of finer calibre has appeared iii our coun- 
try.”— G eorge IIentiy Lewes. 

“He alone, of all British thinkers, has organized a philosophy.”— /7v(/. 

“ Ho Is as keen an analyst as la known in tlie histoi-y of philosophy ; I do not 
cxccj)t cither Aristotle or Kant.”— Georoe Kiplet. 

“ If we w'crc to give our own Judgment, we should say that, since Newton, 
there has not In England been a philosopher of more remarkable speculative and 
*ystcmntizing talent than (In spite of some errors and soino narro^vness) Mr. Her- 
bert Spencer.”— Aontfon Saturday Pevlew. 

“ We ennnot refrain from offering our tribute of respect to one Mho, whether 
for the extent of his positive knowledge, or for the profundity of his spccnlalivo 
insight, has alrcjidy achieved a name second to none In the whole range of Eng- 
lish plillosopby, and whoso MOrka will worthily sustain the credit of English 
thought in «hc present gceic ration.”— yVestmlnster PevUie, 
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LAT SEEMOAS, 
ADDllESSES, AND EEYIEWS, 

Br THOMAS HENRY IIUXLET. 

Cloth, 12ino. 390 pages. Price, SI. 75 

Tins is tlio latest and most popular of the Avorks of this in- 
trepid and accornplislied English thinker. The American edition 
of the work is the latest, and contains, in addition to the English 
edition. Professor Huxley’s reeent masterly address on “ Spon- 
taneous Generation,” delivered before the British Assoeiation for 
tlie Advaneement of Science, of which he was president. 

The following is from an able article in the Independent : 

The “ Lay Sermons, Addresses, and Reviews ” is a book to be read 
by every one who would keep up with the advance of truth — as well by 
those who are hostile as those who are friendly to his conclusions. In 
it, scientific and philosophical topics arc handled with consummate abil- 
ity. It is remarkable for purity of style and power of expression. Xo- 
whcrc, in any modern work, is the advancement of the pursuit of that 
natural knowledge, which is of vital importance to bodily and mental 
well-being, so ably bandied. 

Professor Huxley is undoubtedly the representative scientific man of 
the age. II is reverence for the right and devotion to truth have estab- 
lished his leadership of modern scientific thought, lie leads the beliefs 
and aspirations of the increasingly powerful body of the younger men of 
science, llis ability for research is marvellous. There is possible no more 
equipoise of judgment than that to which he brings the phenomena of 
Nature. Besides, he is not a mere scientist. His is a popularized phi- 
losophy ; social questions have been treated by his pen in a manner most 
masterly. In his popular addresses, embracing the widest range of top- 
ics, he treads on ground with which he seems thoroughly familiar. 

There are those who hold the name of Professor Huxley as synony- 
mous with irreverence and atheism. . Plato’s was so held, and Galileo’s, 
and Descartes’s, and Newton’s, and Faraday’s. There can be no greater 
mistake. No man has greater reverence for the Bible than Huxley. No 
one more acquaintance with the text of Scripture. He believes there is 
definite government of the universe ; that pleasures and pains are distrib- 
uted in accordance with law ; and that the certain proportion of evil 
woven up in the life even of worms will help the man who thinks to bear 
his own share with courage. 

In the estimate of Professor Huxley’s future influence upon science, 
his youth and health form a large clement. He has just passed his forty- 
fifth year. If God spare his life, truth can hardly fill to be the gainer 
from a mind that is stored with knowledge of the laws of the Creator’s 
operations, and that has learned to love all beauty and haU? vilcucsi of 
Nature and art. 
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ILLUSTIU.TIONS OF UNIVERSAL PROGRESS. 

A SERIES OF DlSCtrSSIOXS. 

1 Vol L.ars« 12mo. 470 Panrea. Price t2.50. 

CONTENTS : 

American Notice of Spencer’s New System of Philosophy. 

I. Progress : its Law and Cause. 

II Manners and P’ashion. 

HI. The Genesis of Scicnec. 

IV. The Physiology of Laughter. 

V. The Origin and Function of ilusic. 

V’’L The Nebular II}*pothcsis. 

VII. Bab on the Emotions and the Will. 

VIII. Illogical Geology. 

IX. The Development Ilypothcsis. 

X. The Social Organism. 

XI. Use and Beauty. 

XII. The Sources of Arehitceturul Types. 

XIII. The ObC of Anthropomorphism. 

These Essays eonstitutc a body of massive and original thought upon a 
large variety of important topies, and will be read with pleasure by all who 
uppreeiate a bold and powerful treatment of Ihndamental themes. The 
general thought which pervades this book is beyond doubt the most inipor 
Uint that the human mind has yet reached. — iV. Independent, 

Those who have read the work on Education, will remember the ana- 
lytic tendency of the author’s mind — his clear perception and admirable ex- 
position of hi*st principles — his wide grasp of facts — his lucid and vigorous 
style, and the constant and controlling bearing of the discussion on practical 
results. These traits characterize all Mr. Spencers writings, and mark, b 
an eminent degree, the present volume.-— A^. Y. IVihune. 

We regard the distinguishing feature of this work to be tlic peculiarly 
Interesting character of its matter to the general reader. This is a great 
literary as well as philosophic triumph. In the evolution of a system of 
Philosophy which demands serious attention, and a keen exercise of the in- 
tellect to fathom and appreciate, he has mingled much that is really popula/ 
ind entertaining . — Rochester Democrat 
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A NEW SYSTEM OF FniLOSOPIIY. 

FIKST PEINCIPLES. 

1 VoL Large 12mo. 615 Pages. Price $2 60. 

Contexts ; 

Part First. — llie Unknowable. 

€/iiaptci 1 . Pcligion and Science; II. Ultimate Religious Ideas; lU. 
Ultimate Scientifie Ideas; IV. The Relativity of all Knowledge; V Thi 
Reconeiliation. 



Part Second — Laws of the Knowable. 

I. Laws in General; II. The Law of Evolution; 111. The same con- 
tinued; IV. The Causes of Evolution; V. Space, Time, Matter, Motion, and 
Force; VI. The Indestructibility of Matter ; VII. The Continuity of Motion ; 
VIII. The Persistence of Force ; IX. The Correlation and Equivalenee of 
Forces; X. The Direction of Motion ; XI. The Rhythm of Motion; XI 1. The 
Conditions Essential to Evolution; XIII. The Instability of the ilomogo- 
neous; XIV. The Multiplication of Efl'cets; XV. Diflbrentiation ».nd Inte- 
gration ; XVI. Equilibration ; XVll. Summary and Conclusion. 

In the first part of this work Mr. Spencer defines the province, limits, aud 
relations of religion and science, and determines the legitimate scope of 
philosophy. 

In part second he unfolds those fundamental principles which have been 
arrived at within the sphere of the knowable ; which are true of all ordere 
of phenonema, and thus constitute the foundation of all philosophy. The 
law of Evolution, ilr. Spencer maintains to be universal, and he has hero 
worked it out as the basis of his system. 

These First Principles arc the foundation of a system of Philosophy 
bolder, more elaborate, and comprehensive perhaps, than any other which 
oa: been hitherto designed in England . — British Quarterly Beview. 

A work lofty in aim and remarkable in exccutioa — CorrJiill Mayozinc. 

In the w’orks of Herbert Spencer we have the rudiments of a positiv® 
Theology, and an immense step toward the perfection of the science of Pay- 
ehology . — Christian Examiner. 

If we mistake not, in spite of the very negative character of his own 
fults, be has foreshadowed some strong arguments for the doctniie of a poai- 
lire Christian Theology . — New Englander. 

As far as the frontiers of knowledge, where the Intellect may go, tliere <i 
ttO living man whose guidance may more safely bo trusted. — 

Sfemthlu. 
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^ NEW SYSTEM OF PHILOSOPHY. 

PRIIsrorPLES OF BIOLOG-Y. 

Tliifl work is now in course of publication in quarterly numbers (from 80 
CO 100 pages each), by subscription, at $2 per annum. It is to form two vol- 
anics, of which the first is nearly completed, four numbers having been 
^sued. 'While it comprises a statement of those general principles and laws 
of life to which science has attained, it Is stamped with a marked originalityi 
both in the views propounded and in the method of treating the subject. H 
will be a standard and invaluable work. Some idea of the discussion may 
be formed by glancing over a few of the first chapter headings. 

Part First. — Data of BiOLOcy. 

I. Organic Matter; II. The actions of Forces on Organic flatter; III 
The Hcactions of Organic Matter on Forces ; IV. Proximate Definition of 
Life; V. The Correspondence between Life and its Circumstances; VI. The 
Degree of Life Varies with the Dcgi’ce of Correspondence; VII Scope of 
Biology. 



Part Second. — Inductions op Bionoci. 

I. Growth; II, Development; III. Function; IV. Waste and Repaii , 
V. Adaptation; VI. Individuality; VII. Genesis; VIII. Heredity; IX. 
Variation; X. Genesis, Heredity, and Variation; XI. Classification; XIL 
Distribution. 

Mr. Spencer is equally remarkable for his search .after first priiieiphs; 
Cor his acute attempts to decompose mental phenomena into their priniarj 
elements ; and for his broad generalizations of mental activity, mind in coiv 
nection with instinct, and all the analogies presented by life in its universal 
— }fulico-Chiriir^C(tC AVrieto. 
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ESSAYS: 

MORAL, POLITICAL, AN3 ESTHETIC. 

In ono Volume. Largre 12mo. 386 paprea. 

contents: 

I. The riiilosophy of Style. 

II. Ovcr-Le"islation. 

III. Morals of Trade. 

IV. Personal Beauty. 

V. Bepresentative Government. 

VI. Prison-E tines. 

VII. Railway Morals and Railway Policy. 

VIII. Gracefulness. 

IX. State Tamperings with Money and Banks, 

X. Reform ; the Dangers and the Safeguards. 



** Theso Kssays form a new, and If we arc not mlslaken, a most popular Installment 
0 ^ the Intellectual benefactions of that earnest wTiter and profouml philosopher, Her- 
bert Spencer. There is a remarkablo union of the speculative and practic.il in these 
papers. They arc the fruit of studies alike economical and psychological; they touch 
the problems of the passing hour, and they grasp truths of universal ai»plication ; they 
will be foimu as instructive to the general reader as interesting to political and s.»cial 
students .” — Boston Transcript. 

•* These Essays exhibit on a:most every ])age the powers of an independent human- 
itArian thinker. Mr. Spencer’s cthies are rigid, his political views libenillslic, and his 
aim is the production oi the highest earthly good .” — Methodist Quarterly Beview. 

“It abounds in the results of the sharp observation, the wide reach of knowledge, 
and the capacity to wTite clearly, forcibly, and pointc'Uy, for which this writef Is pre- 
eminent. The subjects are all such<a^ concern us most intimately, and they are treated 
with admirable tact and knowledge. The first essay on the Philosophy of Style Is 
worth the cost of the volume ; it would bo a deed of charity to print it by itself^ and 
send it to the editor of every newspaper in the land.”— Yew Englander, 

“Spencer is continually gaining ground with Americans; he makes a book fbr oiLr 
more serious moods. II is remai-ks ii[)on legislation, upon the nature of political Insti- 
tutions and of their fundamental principles; his elucidation of those foundation trutlia 
which control the policy of government, are of peculLor value to the American stn 
dcnt”“i>t>.vfon Post. 

“This volume will receive the applause of every serious reader lor the profound 
earnestness and thoroughness with which Its view's are elaborated, the Infinite scientifle 
knowledge brought to boar on every question, and the acute and subtle thinking <lis- 
;>ifcyed In every ch.apter.”— A’^ IE Christian AdcocaU. 

“A more Instructive, suggestive, and stimulating volume has net rtacoed os • 
aii time.”— 7*; enVence 
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